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ABSTRACT 
 
     Background and Significance: Cesarean delivery rates increased by more than 50% between 
1996 and 2011 in the United States. The large increase in rates for the procedure was generally 
not associated with significant improvements in obstetric outcomes, raising concern about 
quality and prompting recommendations for prevention. Primary cesareans provide the best 
opportunity to reduce overall cesarean rates, and the group of first-time mothers considered low-
risk for cesarean (known as nulliparous, term, singleton, vertex, NTSV) constitutes the focus of 
prevention efforts. Studies increasingly report racial and ethnic differences in NTSV cesareans, 
which remain after controlling for health factors. However, the reasons for these disparities and 
whether or not they can be mitigated are issues that are not well known. The objective of this 
investigation was to examine factors that modify the association between race, ethnicity and 
NTSV cesarean deliveries in Florida. Our overall aim was to improve understanding of drivers of 
racial and ethnic disparities in cesareans in order to inform efforts to reduce disparities. 
     Methods: We conducted a population-based retrospective cohort study of 145,117 NTSV 
deliveries in labor, using Florida’s linked birth certificate and maternal hospital discharge 
records for the period of 2012 to 2014. The study was restricted to births in routine delivery 
hospitals to five racial and ethnic groups: non-Hispanic whites and blacks (including Haitians), 
Cubans, Puerto Ricans, and Mexicans. Two contrasting approaches were employed in the 
analysis. First, generalized linear mixed modelling was used to examine, quantify and describe 
effect modification of the race/ethnicity–association by cesarean risk factors. Non-Hispanic 
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whites were the reference group for comparison. Second, classification tree modeling (chi-
Squared Automatic Interaction Detection, CHAID) was used to identify cesarean risk factor 
combinations that define distinct subgroups with high and low rates of NTSV cesarean among 
the different racial and ethnic groups in the study population. Risk factors examined included 
individual socioeconomic, medical and health service-related factors, hospital factors, and a 
maternal neighborhood index of deprivation/affluence. 
     Results: Non-Hispanic whites were the largest racial/ethnic group in the study population 
(57.6%), followed by non-Hispanic blacks (23%), Cubans (8.1%), Puerto Ricans (6.8%) and 
finally Mexicans (4.5%). All four minority groups experienced a higher risk of cesarean relative 
to non-Hispanic whites after adjusting for significant risk factors, with Cubans having the highest 
adjusted risk ratio (RR, 1.27) followed by non-Hispanic blacks (RR, 1.18). From the regression-
based tests of effect modification, we found positive interactions between race (non-Hispanic 
black versus white), older gestational age, and labor induction; and negative interactions between 
ethnicity (Cuban versus non-Hispanic white), presence of medical risk conditions, and labor 
induction. The adjusted RR of cesarean comparing blacks to whites was 1.04 among spontaneous 
deliveries at early term (P=.33), but increased to 1.28 (P<.001) among late term induced 
deliveries and 1.40 (P<.001) among late term spontaneous deliveries. Cubans had significantly 
higher risk of cesarean relative to non-Hispanic whites across all combinations of 
presence/absence of medical conditions and labor induction, but the largest disparity was 
observed among spontaneous deliveries without medical conditions (RR, 1.45; P<.001). From 
the classification tree models, we found that the role of leading risk factors (i.e., medical risk 
conditions, labor induction, prepregnancy obesity, delivery in hospitals located in South Florida 
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and Miami-Dade) and the risk factor combinations that defined some of the subgroups with 
highest rates of cesarean differed by race and ethnicity. 
 
     Conclusions: Our findings on risk factors that modified the association between race, 
ethnicity and NTSV cesarean delivery and differences in cesarean risk subgroups between racial 
and ethnic groups suggest that there are potential opportunities to reduce disparities in rates for 
the procedure in Florida. Whereas racial disparities appear to be related to disparities in health 
service factors related to cesarean, ethnic disparities appear to persist above and beyond the 
medical and health service factors included in this investigation. Further research, potentially 
involving qualitative methods and targeting some of the identified maternal subgroups with high 
rates of cesarean may help clarify maternal cultural factors, or differences in patient-provider 
interaction, that may contribute to some of the disparities. 
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CHAPTER ONE 
  
INTRODUCTION 
Significance and Justification 
     Cesarean deliveries are the most common type of major surgery in the United States, 
having increased from 20.7% in 1996 to 32.9% of all births in 2009 with little associated 
improvement in maternal and infant health outcomes during this period.1,2 About 90% of mothers 
who have a primary (first-time) cesarean deliver again by cesarean in subsequent pregnancies.3 
Besides incurring higher economic costs, these mothers are subject to progressively higher risks 
of morbidity with each repeat cesarean.4-6 For these reasons, there is an increased focus on the 
prevention of primary cesareans in order to assist with reduction in total cesarean delivery rates 
and related morbidity.7 It is particularly understood that low-risk, first time mothers (known as 
nulliparous, term, singleton, vertex—NTSV) represent a segment of the population that is likely 
to yield an effective reduction in medically unnecessary cesarean deliveries.8-10 
     Florida is among the four leading states with highest NTSV cesarean rates in the United 
States. NTSV cesareans account for about one third (31.9%) of deliveries among low-risk 
mothers in Florida9 but there is substantial variation in the risk of NTSV cesarean across racial 
and ethnic groups. Using Florida linked birth certificate and hospital discharge data for the 
period of 2004-2011, and after adjusting for potential confounders, we recently estimated that the 
relative risk of NTSV cesarean is 34% higher in Cubans and 21% higher in non-Hispanic blacks 
and Haitians relative to non-Hispanic white mothers.11  An earlier report in Massachusetts 
showed similar racial/ethnic differences in the adjusted risk of NTSV cesarean.12 These 
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differences may represent preventable cesarean deliveries because they persist beyond what can 
be explained by health differences between racial and ethnic groups.13,14 However, the reasons 
for the disparities are not well understood because there is a paucity of studies examining the 
interdependence between race, ethnicity and risk factors for NTSV cesareans.  
Specific Aims and Research Questions 
     With this investigation, the long-term goal is to improve understanding of the drivers of 
racial and ethnic disparities in cesarean deliveries among low-risk mothers. The overall objective 
of the proposed study is to examine factors that modify the association between race, ethnicity 
and NTSV cesareans using Florida’s linked birth certificate and hospital discharge records for 
the period of 2012 to 2014. The central hypothesis is that there are racial and ethnic differences 
in risk factors for NTSV cesareans that may represent opportunities for improvement. In order to 
test this central hypothesis, the following specific aims and research questions will be pursued:     
Aim 1: Quantify the extent of racial and ethnic differences in cesarean risk among NTSV 
deliveries in Florida. 
 Q1: To what extent do racial and ethnic minority groups experience different crude risks 
of cesarean relative to NH whites? 
 Q2: How do racial and ethnic differences in cesareans change once we adjust for cesarean 
risk factors at the individual, hospital, and maternal neighborhood level? 
Aim 2:  Examine the extent to which the association between maternal race/ethnicity and 
NTSV cesarean varies across cesarean risk factors and hospital of delivery. 
 Q3: Does the extent of racial/ethnic differences in cesareans depend on cesarean risk 
factors at the individual, hospital, and maternal neighborhood factors? 
 Q4: Does the extent of racial/ethnic differences in cesareans vary by hospital of delivery? 
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 Q5: If there is variation between hospitals in the extent of racial/ethnic differences in 
cesareans, to what extent might this be related to hospital factors? 
Aim 3: Identify population segments among the different racial/ethnic groups that may 
represent priority targets for prevention.  
 Q6: Based on interactions between risk factors and their influence on cesarean risk, are 
there distinct segments among the different racial/ethnic groups in the population that 
may provide the best opportunity for maternal prevention? 
Background and Literature Review 
Benefits and costs of cesarean deliveries 
     Cesarean delivery, also known as cesarean section or cesarean, is a surgical birth through 
an incision in the mother’s abdomen and uterus. The procedure can be life-saving for the mother 
and baby when there is a medical indication.15 Common indications for cesarean include the 
following: pregnancy with multiple babies, malpresentation of the fetus (e.g., breech, or other 
non-vertex presentation), problems with the placenta (e.g. placenta previa), unexpected labor and 
delivery problems (e.g. failure of labor to progress, fetal distress, cord prolapse), large size of the 
baby, and maternal infections (e.g., herpes, HIV).16 The two major indications for cesarean—
breech presentations and multiple gestations—account for about 10-12% of total cesarean rates. 
Another 10-14% of all cesareans are accounted for by maternal medical factors, such as placenta 
previa and herpes.17-19 However, labor and delivery complications which can be easily affected 
by practice differences (e.g. failure of labor to progress, fetal distress) account for 40-50% of 
cesarean deliveries.18,19   
      Despite their life-saving potential for the mother and baby when medically-indicated, 
cesareans are associated with higher morbidity risks and costs than vaginal deliveries.3,15 Known 
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complications of cesareans include surgery-related infections, obstetric hemorrhage, and infant 
respiratory issues.20-25 Despite the fact that primary (first-time) cesareans seldom lead to 
complications, the procedure is associated with long-term risks of adhesion-related operative 
injuries and placental problems in future pregnancies. For example, a previous cesarean delivery 
is a risk factor for placenta previa in future pregnancies, which in turn may be an indication for a 
repeat cesarean. With each additional repeat cesarean, the risk of severe obstetric complications, 
such as placenta accreta, percreta and hysterectomy increases continually.26-28 There is also 
evidence that having a cesarean can lead to greater psychological distress and morbidity (e.g. 
anxiety, depression), difficulties in maternal-infant contact at birth, and dissatisfaction about the 
birth experience.2,29 Finally, the economic costs of having a cesarean delivery are estimated to be 
at least 50% higher than a vaginal birth. In 2010, the average total charge for maternal and 
newborn care for cesareans was $51,125, compared to $32,093 for vaginal births among patients 
with private insurance. Similarly, among Medicaid patients, average total charges for cesareans 
and vaginal births were $50,373 and $29,800, respectively.6 This represents a considerable 
financial burden to families and health care systems.  
Recent cesarean delivery trends in the U.S. 
     Cesarean delivery rates rose sharply in Florida and the United States from the mid-1990s 
to the late 2000s, as a result of changes in obstetrical recommendations and practice culture.30 
From 1996 to 2009 total cesarean rates in the United States rose from 20.7% to 32.9% of all 
births. The rates decreased slightly to 32.8% in 2012 and have remained stable since then,31 but it 
is understood that cesarean deliveries may  be currently overused.1,15 Other than for breech 
presentation, there have been no documented improvements in cesarean-related outcomes 
associated with the increase in cesarean rates. Furthermore, the rise in total cesareans has been 
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observed across women of different age, race/ethnicity, weight and gestational age groups.32 
Therefore, although there may have been changes in the medical risk profile of mothers, such as 
a greater proportion of deliveries in advanced maternal age (>35 years) or higher obesity 
prevalence, they do not fully explain the elevated cesarean rates.33 The two major contributing 
factors for the rise in total cesarean rates that have been identified in the literature are: (1) A rise 
in primary cesarean rates from less than 15%, in 1996, to 22% or more, since 2009, and (2) a 
decrease in vaginal births after cesareans from about 28% in 1996 to less than 10% since 
2004.2,34,35  
Primary cesarean deliveries: Focus for prevention and improvement 
     Because 60% of all cesarean deliveries are primary and only 10% of mothers who had a 
first cesarean go on to deliver vaginally in subsequent pregnancies,36 it is recognized that 
effective prevention efforts must target primary cesareans. More specifically, the focus for 
prevention are primary cesareans among women considered “low-risk” for having the 
procedure—nulliparous women at term, with a singleton baby in vertex presentation (known as 
NTSV). This is considered to be a relatively homogenous population that excludes mothers with 
major indications or potential reasons for cesarean (e.g. pregnancy with twins/multiples, breech 
presentation, previous cesarean delivery). Other key advantages in targeting the NTSV 
population include the facts that (1) it accounts for the largest proportion of variation in cesarean 
rates, and (2) it is the most likely to experience unplanned cesareans due to potentially 
modifiable complications (e.g. failure of labor to progress).12,37 For these reasons, both The Joint 
Commission  on accreditation in healthcare (Perinatal Core measure 02) and the Department of 
Health and Human Services (Healthy People 2020-MICH 7.1) have adopted the NTSV cesarean 
rate as a hospital quality and national performance measure, respectively.38,39 The Healthy 
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People 2020 national target rate for NTSV cesareans is 23.9%.39 In contrast, the overall NTSV 
cesarean rate in Florida was 31.9% in 2013—second only to New Jersey (33.1%) in the United 
States.9  Annual NTSV cesarean rates across Florida hospitals range from about 7% to almost 
60%, suggesting that there may be opportunities for quality improvement.    
Racial and ethnic differences in cesarean deliveries  
     The Institute of Medicine defines disparities as racial or ethnic differences which are not 
due to clinical need, appropriateness of interventions, access-related factors, or preferences.40 It 
is well established that racial and ethnic disparities exist for different perinatal outcomes and 
areas of obstetrical care in the United States. For example, several ethnic minority groups 
including non-Hispanic blacks, some Hispanics subgroups, and Native Americans experience 
higher rates of preterm birth, inadequate prenatal care, maternal obesity and gestational diabetes 
compared to non-Hispanic whites. In addition, both maternal and infant mortality, and severe 
maternal morbidity rates, are higher in non-Hispanic blacks compared to non-Hispanic whites 
and Hispanics.41,42 In line with these trends, studies have consistently reported higher rates of 
total, primary, and NTSV cesareans in non-Hispanic blacks compared to whites.9,11,12,43-47 
Depending on the specific subgroup and geographic location, the evidence for Hispanics and 
Asians/Pacific Islanders is less consistent than that for non-Hispanic blacks. While some 
subgroups experience higher cesarean rates than non-Hispanic whites (e.g. Caribbean and South 
American Hispanics, Filipino and Asian Indian), others seem to experience similar or lower rates 
(e.g. Mexican-American, Japanese and Chinese).11,12,44 
     Despite a growing number of studies reporting racial and ethnic disparities in NTSV 
cesareans, the reasons for the disparities are not very clear. Although there is some evidence for 
differences in the race/ethnicity-cesarean association by risk factors and indications for cesarean, 
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studies focusing in the NTSV population, or in populations that could be considered lower-risk 
and where opportunities for improvement may be found, are scarce (Table 1). Recently, our 
group reported some heterogeneity in the association between maternal ethnicity and NTSV 
cesarean by hospital geographic location in Florida.11 In an analysis of statewide linked birth 
certificate and maternal/infant hospital discharge data for 2004-2011, Cubans had the highest 
adjusted risk of NTSV cesarean relative to non-Hispanic whites (34% greater risk), followed by 
non-Hispanic Blacks/Haitians (21%) and Puerto Ricans (20%). In stratified analyses by hospital 
geographic location, the adjusted risk ratio of cesarean for Cuban mothers was higher in Miami-
Dade county (ARR: 1.38; 95% confidence interval: 1.32-1.45) compared to other areas in 
Central/South Florida (ARR: 1.23; 95% CI: 1.18-1.28) or North Florida (ARR: 1.26; 95% CI: 
1.06-1.49). Formal tests of statistical significance for the interaction between race, ethnicity and 
hospital geographic location were not assessed as this was not the focus for the study.11  
Previously, in a retrospective study of singleton deliveries at a single regional U.S. hospital, 
Min et al.48 found racial differences in the risk ratio of primary cesarean associated labor 
induction and gestational age. In stratified models by maternal race (non-Hispanic black versus 
white), labor inductions had a stronger association with primary cesarean in blacks (ARR: 1.32; 
95% CI: 1.20-1.44) than in whites (ARR: 1.13; 95% CI: 1.07-1.20), and early-term gestation (37-
38 weeks) was protective for blacks (ARR: 0.82; 95% CI: 0.73-0.92) but not for whites (ARR: 
0.96; 95% CI: 0.90-1.04).48 The study population included all deliveries at more than 22 weeks 
gestation, which may have led to a combination of groups with substantial differences in risk of 
cesarean related to gestational age. For example, preterm (less than 37 weeks) and postterm 
births (42 weeks or more) can be more likely to require a cesarean delivery compared to term 
births.49,50 Therefore, the relative risks estimated from this study population may have been 
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distorted in comparison to what would be observed in the NTSV population. Earlier, Roth and 
Henley (2012) reported finding significant interaction between maternal ethnicity and level of 
education in a retrospective analysis of U.S. birth certificate data.51 As their level of education 
increased, non-Hispanic white women experienced a greater reduction in adjusted odds ratio of 
primary cesarean compared to ethnic minorities (blacks, Hispanics, Asians and Native 
Americans). It was concluded that non-Hispanic white race and class privilege (as represented by 
education level) together lead to fewer medically unnecessary cesareans.51 However, because the 
analysis was based on birth certificate records only, it had limited adjustment for important 
maternal medical risk factors or complications of labor and delivery.52-55. The study may have 
also been limited by the lack of information on other factors related to class and access to care. 
For instance, health insurance is a relevant factor associated with mode of delivery.43  
The additional relevant literature includes the following: two studies focusing on higher-risk 
segments of the population (mothers with gestational diabetes, and obese mothers), a study of 
racial and ethnic differences in the cesarean-obesity association, and two studies of racial and 
ethnic differences in the prevalence of medical indications for cesarean.  Esakoff et al.56 reported 
some ethnic differences in primary cesarean deliveries by pre-pregnancy body mass index (BMI) 
among Californians with gestational diabetes mellitus. Compared to non-Hispanic whites, non-
Hispanic blacks had increased odds of primary cesarean. In contrast, both Hispanics and Asians 
were less likely to have the procedure compared to non-Hispanic whites. In stratified analyses by 
BMI, the association between cesarean and non-Hispanic black ethnicity appeared to be 
significant only among obese women (BMI≥30 g/m2; AOR: 1.30; 95% CI: 1.01-1.68).56 Marshal 
et al. reported similar associations between obesity and total (primary and repeat) cesarean in 
non-Hispanic blacks (adjusted OR: 2.1; 95% CI: 1.9-2.2) compared to whites (AOR: 2.1; 95% 
  
9 
 
CI: 2.1-2.2).57 Ramos et al58 reported only slight variations in the obesity-total cesarean 
association across different ethnic groups at a single California hospital.  Adjusted ORs ranged 
from 1.87 in Hispanics (95% CI: 1.25-2.80) to 2.23 in Asians (95% CI: 1.54-3.24).58 In both the 
study by Marshal et al.57 and by Ramos et al.,58 the combined outcome of total cesareans may 
have distorted some of the associations due to potential differences in factors leading to primary 
versus repeat cesarean.  
In summary, although racial and ethnic differences in cesarean deliveries are well 
established, there is a paucity of studies examining the role that cesarean risk factors may play in 
these disparities. This is especially true of studies in low-risk populations such as NTSV 
deliveries. The literature indicates that there may be racial and ethnic differences in cesarean risk 
factors related to maternal socioeconomic status (e.g. education level), medical risk 
(prepregnancy obesity) and health services (labor induction, hospital geographic location) (Table 
1). These factors may constitute opportunities for reducing racial and ethnic disparities in 
cesareans. However, it is unclear from the available evidence, how much the factors contribute to 
disparities in cesarean deliveries or how the information on such factors can be used to reduce 
disparities, particularly in the NTSV population.   
This investigation is intended to contribute to the existing knowledge of determinants and 
reasons for racial and ethnic differences in cesarean deliveries. By examining effect modifiers of 
the race/ethnicity-NTSV cesarean association and describing their potential role in the 
association, this investigation may help identify opportunities reduce disparities in NTSV 
cesareans and improvement in maternity care related cesarean deliveries. 
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Table 1.1. U.S. Studies Examining Heterogeneity in the Race/Ethnicity-Cesarean Delivery Association (Limited to studies controlling for multiple risk factors, 
since 2000) 
1st Author Year Objective Design,  
Settinga  
Time 
Period 
Study 
Pop. 
N Data Race/ethnicity-Cesarean association Effect Modification/Heterogeneity  
Primary Cesareans in Low-risk Populations 
Sebastião 2016 Examine 
individual and 
hospital 
factors 
influencing 
hospital 
variation in 
primary CS 
RC-PB 
(FL) 
2004-
2011 
NTSV, 
excluding 
births at 
41 weeks 
and CS 
w/o labor 
412,192 BC+HD ARR (CI) for CS vs. NH White 
Cuban: 1.34 (1.31-1.38) 
NH Black/Haitian: 1.21 (1.19-1.23) 
Puerto Rican: 1.20 (1.17-1.23) 
Other NH: 1.18 (1.15-1.22) 
Other H, Non-Mex: 1.14 (1.11-1.16) 
Mexican: 1.01 (0.97-1.04) 
Selected ARR (CI) for CS vs. NH White in models 
stratified by hospital geographic location 
                           Cuban                   NH Black/Haitian 
North FL:          1.26 (1.06-1.49)      1.25 (1.21-1.30) 
Central/South:   1.23 (1.18-1.28)      1.21 (1.19-1.24)  
 Miami-Dade:      1.38 (1.32-1.45)     1.16 (1.09-1.23)  
 
Did not conduct tests of statistical interaction for 
race/ethnicity 
Min 2015 Investigate 
differences in  
risk factors for 
primary CS 
b/n black and 
white women 
RC-SI 2004-
2010 
Singleton, 
vertex 
deliveries 
w/o 
previous 
CS at 23+ 
weeks of 
gestation 
25,251 EMR ARR (CI) for primary CS  
Black vs. White: 1.23 (1.17-1.29) 
ARR (CI) for primary CS in race-stratified models 
among nulliparas 
                           NH Blacks           NH Whites 
 Induction:          1.32 (1.20-1.44)    1.13 (1.07-1.20) 
GA 37-38 wks:   0.82 (0.73-0.92)   0.96 (0.90-1.04) 
 
 
Reported significant p-value (<.05) for 
difference in the above race-stratified ARR estimates 
(T-test) 
Primary Cesareans in General Populations 
Roth 2012 Analyze 
differences in 
odds of CS by 
race/ethnicity 
and education 
level 
RC-PB 
(U.S.) 
2006 All 
deliveries 
4,196,936 Natality 
Detail File 
AOR for primary CS vs. White: 
Black: 1.07 (p<.000) 
NA: 0.92 (p<.01) 
Hispanic: 0.78 (p<.000) 
Asian: 0.72 (p<.000) 
Interaction terms b/n ethnicity and education level 
were significant for all ethnic groups: higher 
education level decreased odds of CS to greater 
extent in NH Whites compared to Blacks, Asians and 
NA; higher education increased the odds of cesarean 
in Hispanic women compared to NH Whites 
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Table 1.1. Continued 
Esakoff 2011 Determine 
racial/ethnic 
differences in 
perinatal 
outcomes in 
women w/ 
gestational 
diabetes 
RC-PB 
(CA) 
2001-
2004 
Singleton 
births 
among 
women 
with 
GDM  
26,411 CA Sweet 
Success 
Program 
AOR (CI) of primary CS vs. Vaginal 
delivery among women with GDM: 
AA: 1.29 (1.05-1.59) 
Asian: 0.86 (0.77-0.96) 
Latina: 0.84 (0.75-0.94) 
BMI≤29:                   BMI>29:  
AA, 1.44 (1.00-2.07)          AA, 1.30 (1.01-1.68) 
Latina, 0.87 (0.72-1.05)         Latina, 0.84 (0.72-0.98) 
Asian, 0.85 (0.74-0.97)          Asian, 0.78 (0.63-0.96) 
 
Did not report tests of statistical interaction 
Total cesareans (primary and repeat)  
Marshall 2014 Estimate the 
effect of race 
on perinatal 
outcomes in 
obese women 
(BMI≥30)  
RC-PB 
(MO) 
2000-
2006 
Singleton, 
term 
deliveries 
312,412 BC+HD Among obese  (BMI≥30) and 
morbidly obese women (BMI≥40), 
there were no differences in odds of 
CS between AA and whites (AORs, 
1.1, CI 1.0-1.1 for obese; 1.0, CI 0.9-
1.2 for morbidly obese) 
 
Obese AA were sig. less likely to 
have fetal macrosomia, and more 
likely to have infant LBW than obese 
Whites 
Race-stratified AOR (CI) of total CS (primary and 
repeat) for obese versus normal weight 
AA                White 
2.1 (1.9-2.2)     2.1 (2.1-2.2) 
 
Did not report tests of statistical interaction  
Ramos 2005 Evaluate  
interactions 
b/n ethnicity 
and obesity on 
obstetric 
outcomes 
RC-SI 
(CA) 
1981-
2001 
Singleton 
vertex 
deliveries 
w/ labor 
22,658 EMR Crude CS Rates (%) 
Asian: 34% 
Latina: 34% 
White: 31% 
AA: 28% 
 
AOR (CI) of CS for ethnicity (ref: 
White) among obese women only 
Asian: 1.73 (1.13-2.63) 
AA: 1.50 (1.04-2.16) 
Latina: 1.27 (1.04-2.16) 
AOR (CI) of total CS (primary and repeat) for obese 
(BMI>29) vs. Normal weight in race-stratified 
models 
Asian: 2.23 (1.54-3.24) 
White: 2.22 (1.73-2.87) 
AA: 1.99 (1.45-2.74) 
Latina: 1.87 (1.25-2.80) 
 
Did not report tests of statistical interaction  
Abbreviations. AA, African American ethnicity; AOR, adjusted odds ratio; A/PI, Asian/Pacific Islander; ARR, adjusted risk ratio; BC, birth certificate records; CI, confidence interval; CS, cesarean 
delivery; DC, Death Certificate records; EMR, electronic medical records; GA, gestational age (weeks); GDM, gestational diabetes mellitus; HD, hospital discharge records; LOS, length of stay; NA, 
Native American; NTSV, nulliparous, term, singleton, vertex; V, vaginal delivery; VO, vaginal operative delivery; VS, vaginal spontaneous delivery 
a Study design abbreviations: RC-PB, retrospective cohort, population-based (multiple hospitals); RC-SI, retrospective cohort at a single institution/hospital; RC-SN, retrospective cohort at a single 
network of hospitals 
All studies included livebirths only; 95% confidence intervals show, unless noted 
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CHAPTER TWO 
 
MANUSCRIPT 1: RISK FACTOR INFLUENCES ON RACIAL AND ETHNIC 
DIFFERENCES IN CESAREAN DELIVERIES 
Introduction 
          Cesarean delivery rates in the United States rose sharply from 20.7% in 1996 to 32.9% in 
2009, accounting for 32.2% of all births in 2014.59,60 With the exception of breech presentation, 
there were few medical benefits associated with the increase in cesarean rates.61 On the other 
hand, the morbidity risks and financial costs associated with both primary and repeat cesareans 
deliveries are well-documented.6,10,62 Studies also show that overall and adjusted cesarean 
delivery rates vary widely across states, regions and hospitals, raising concerns about quality in 
obstetric care.63-65  
     First-time mothers represent the best opportunity for safe prevention of cesareans because 
90% of mothers who have a primary cesarean are more likely to deliver again by cesarean in 
subsequent pregnancies.10,59 In particular, primary cesareans among low-risk, first-time mothers 
(known as nulliparous, term, singleton, vertex births—NTSV) account for the majority of 
variation in total cesareans.8 In this segment of the population, cesareans account for 27% of 
births and rates are higher for several racial and ethnic minority groups compared to non-
Hispanic whites.9 Although studies show that the racial and ethnic differences in NTSV 
cesareans persist when differences in health status are adjusted for, the reasons why they persist 
are still under investigation.11,12,45,46 
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     Recent evidence suggests that racial and ethnic differences in cesarean may be influenced by 
factors related to obstetrical practice and patient socioeconomic status, such as labor induction 
and maternal education level, respectively.48,51 However, some uncertainty remains about the 
factors that may contribute to disparities in cesareans among low-risk mothers because studies 
seldom focus on the NTSV population.12,66  Some areas that may benefit from further study 
include: the extent to which racial and ethnic differences in NTSV cesareans vary by factors 
related to medical need, the extent of interhospital variation in the race/ethnicity and cesarean 
association, and whether or not there is some influence from the mother’s residential 
socioeconomic environment. We investigated these questions by examining risk factors at the 
individual, hospital, and neighborhood level that may modify racial and ethnic differences in 
NTSV cesareans in Florida. Findings from this study may inform efforts to reduce disparities in 
NTSV cesareans as well as contribute to the prevention of cesarean-related morbidity and costs. 
Methods 
Study design  
     We conducted a retrospective cohort study using Florida’s linked maternal/infant hospital 
discharge and birth certificate records for the period of January 1, 2012 to December 31, 2014. 
The linked data accounts for over 92% of live births to Florida residents. Births to mothers who 
are foreign-born, unmarried, with lower education level, are least likely to be captured.67  Data 
for this study was limited to births in Florida’s nonmilitary hospitals with maternity service. 
Maternal neighborhood socioeconomic characteristics were added to the study data by linkage 
with U.S. Census Bureau data,68 using the birth certificate residential census tract geocode. The 
research team completed data use agreements with the Florida Department of Health (FDOH) 
and the Agency for Health Care Administration (AHCA). This study was approved by the 
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University of South Florida institutional review board and deemed exempt from review by the 
FDOH. 
Study population      
 
     The eligible study population was comprised of nulliparous, term (37-41 completed gestation 
weeks), singleton, vertex live births without contraindications for vaginal delivery in routine 
delivery hospitals. We defined routine delivery hospitals as those with at least 100 annual births. 
Based on previous study in this population, we restricted the study to five major racial/ethnic 
groups with sufficient size to allow meaningful discussion of disparities: non-Hispanic white, 
non-Hispanic black (including Haitian), Cuban, Puerto Rican and Mexican.11 Records missing 
information for both maternal race and ethnicity, age, marital status, education level, and 
residential census tract code were excluded. Combined, these exclusions made up less than 3% 
of eligible births, resulting in an initial population of 163,819 births. We further excluded births 
from cesarean deliveries without labor (n=18,702) because of potential differences in factors 
related to planning these deliveries and the need for separate study.69 The reduced analytic 
sample was comprised of 145,117 NTSV births, with labor, from 113 hospitals. 
Measures 
 
     Mode of delivery (cesarean, vaginal), the outcome of interest, was classified based on the 
report of a cesarean procedure on either the birth certificate or hospital discharge record. 
Maternal race and ethnicity, the primary exposure of interest, was classified based on 
information from two questions on the birth certificate record. The first question asks the mother 
to choose the racial group(s) she identifies with based on options such as white, black or African 
American, American Indian or Alaskan Native, specific Pacific Islander groups (e.g., Hawaiian, 
Samoan), and specific Asian groups (e.g. Asian Indian, Japanese). The second question asks the 
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mother if she is of Hispanic or Haitian ethnicity and if she is of Mexican, Puerto Rican, Cuban, 
or Other specific Hispanic descent. This information was combined into the following mutually-
exclusive racial and ethnic groups: non-Hispanic white, non-Hispanic black (including Haitian), 
Hispanic—Mexican, Hispanic—Cuban, Hispanic—Puerto Rican, Other Hispanic, and Other 
non-Hispanic (combines Asian, Asian/Pacific Islander and Native American groups). Both the 
Other Hispanic and Other non-Hispanic groups were excluded from the study.  
     Potential confounders and effect modifiers were selected based on the literature and their 
relevance to cesarean deliveries. These included socioeconomic factors at the individual and 
residential neighborhood level, individual medical and health service-related factors, and hospital 
factors. A detailed list of the study variables, levels and data source is provided in supplementary 
Table A1 (Appendix). Individual factors were measured using information from the linked birth 
certificate and hospital discharge data. Onset of labor was categorized as either spontaneous 
(vaginal births without an induction, cesarean births without an induction but with a trial or 
augmentation of labor) or induced (vaginal and cesarean births with induction). Indications for 
cesarean delivery, such as fetal distress (Table A2), were not assessed as confounders or effect 
modifiers because they may represent subjective or ambiguous justifications recorded after the 
procedure.70 Hospital factors, such as annual birth volume and geographic location, were 
ascertained using primarily information from the birth certificate and hospital discharge record. 
Sources such as AHCA, the Accreditation Council for Graduate Medical Education,71 and the 
American Congress of Obstetricians and Gynecologists (ACOG) were used for additional 
information for  some hospital factors (Table A1). For hospital geographic location, we divided 
the state into geographic regions (north, central, south) using the ACOG District XII section 
map.72 Miami-Dade County, which represents 13% of all births, was classified as a separate 
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region based on previous findings in this population.11 This resulted in four categories: (1) north 
(ACOG sections 1-2), (2) central (ACOG sections 3-4), (3) south (ACOG sections 5-6, with 
Miami-Dade removed), and (4) Miami-Dade (part of ACOG section 6). We used the U.S. Census 
American Community Survey (ACS) 5-year annual average estimates for 2010-2014 to calculate 
an index of privilege and deprivation at the residential census tract level.68 The Index of 
Concentration at the Extremes (ICE) is a measure of spatial social polarization, originally 
proposed by Massey73 and designed to reveal the extent to which an area’s residents are 
concentrated at the extremes of a continuum of affluence and poverty.74 A value of -1 means that 
100% of the population is concentrated in the most deprived group, and a value of 1 means that 
100% of the population is concentrated in the most privileged group.74 As proposed by both 
Krieger et al.75 and Feldman et al.,76 we combined census tract data for income and race/ethnicity 
to calculate the ICE. The extreme groups were set as non-Hispanic whites whose household 
income was equal to or greater than $100,000 (most privileged) and non-Hispanic blacks whose 
household income was below $25,000 (most deprived). Income thresholds were based on the 
reported income distribution in the ACS and are meant to approximate the 20th and 80th 
percentiles of the national household income distribution based on 2010 U.S. Census data—as 
used in studies of income inequality.77 Recent studies show that the ICE based on combined 
extreme groups of income and race is independently associated with infant mortality, premature 
mortality, and diabetes mortality at the census tract level, as well as individual level prevalence 
of hypertension.74,76 
Statistical analysis 
 
     Frequency tables were used to describe the distribution of cesarean deliveries by maternal 
race and ethnicity and the study factors. Following the descriptive analysis, generalized linear 
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mixed regression was used to model cesarean delivery as a function of maternal race and 
ethnicity. In addition to taking into account the hierarchical nature of the data (i.e., births nested 
within hospitals) this type of modeling can provide hospital-specific estimates of the 
race/ethnicity-cesarean association. We first fit a regression model with random intercepts for 
hospitals and no covariates. This model predicted the risk of cesarean delivery at each hospital 
without adjusting for study factors. Second, we added maternal race and ethnicity to the previous 
model and selected a model that adjusted for cesarean risk factors (initial main effects model). 
Factors were added in groups starting with individual, then hospital level factors, and finally 
neighborhood income and race/ethnicity ICE and year of delivery. Statistical significance was set 
at P<.05 for all tests. Interaction terms between race/ethnicity and individual factors were added 
to the initial main effects model and retained if statistically significant. Cross-level interaction 
terms between race/ethnicity and hospital factors, and neighborhood ICE were then added and 
retained if statistically significant (full model). Because cesarean delivery is not a low-
prevalence outcome, odds ratios from logistic regression overestimate the true risk ratio (RR) 
associated with study factors. We specified a log link and a Poisson distribution for the model in 
order to obtain direct estimates of the RR of cesarean from the regression models. This is a 
similar application of the modified Poisson approach suggested by Zou, although the method by 
Zou uses generalized estimating equations.78,79 We provide a table comparing RR estimates from 
the Poisson model to another common approach, which relies on indirect estimation of RR from 
the odds ratio (Table A3). Estimates from significant interaction coefficients were used to 
describe effect modification of the race/ethnicity–cesarean association in the risk ratio scale. This 
was done in separate models that compared each minority group to non-Hispanic whites. 
Additional analyses included: fitting models with random effects for race and ethnicity in order 
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to assess if racial and ethnic differences in cesareans varied significantly across hospitals; and 
assessing changes in model estimates of interaction resulting from excluding covariates that were 
not found to be effect modifiers but which may help explain reasons for the differences. All 
analyses were carried out in SAS software version 9.4 (SAS Institute Inc.).  
Results 
     Table 2.1 provides a summary of study population characteristics and cesarean rates by study 
factors. Non-Hispanic whites accounted for 57.6% of deliveries in the study population, followed 
by non-Hispanic blacks (23%), Cubans (8.1%), Puerto Ricans (6.8%) and finally Mexicans 
(4.5%). During the three-year study period, the overall unadjusted cesarean delivery rate in the 
population was 25.9%. Across the different racial and ethnic groups, the cesarean rate was 
highest for Cubans at 38.8%, followed by non-Hispanic blacks (27.1%) and Puerto Ricans 
(26.5%). Non-Hispanic whites (23.8%) and Mexicans (23.0%) had the lowest unadjusted rates.  
The following individual factors were associated with high unadjusted cesarean delivery rates: 
advanced maternal age (35 years or more, 40.6%), extreme obesity (obese I/II, 37.4%; obese III, 
49.7%) high medical risk for delivery (38.8%), late term delivery (41 weeks, 35.3%), and labor 
induction (35.2%). Among hospital factors, delivery in hospitals located in Miami-Dade County 
(35.1%), delivery in hospitals with low percentage of births to non-Hispanic blacks (31.9%), or 
high percentage of Hispanic births (30.2%), were associated with the highest unadjusted rates of 
cesarean. There were slight differences in cesarean rates across quartiles of neighborhood 
income and race/ethnicity ICE, ranging from 25.1% for mothers in the top quartile, to 26.8% for 
the second quartile. Annual cesarean delivery rates decreased by 5.7% from 2012 (26.5%) to 
2014 (25%). 
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     Table 2.2 summarizes the main effects regression modeling results. In a random intercept 
model that adjusted only for hospital of delivery, the crude risk ratio of cesarean was highest for 
Cubans (RR: 1.27; 95% CI: 1.21-1.33), followed by non-Hispanic blacks (RR: 1.14; 95% CI: 
1.11-1.17) and then Puerto Ricans (RR: 1.08; 95% CI: 1.04-1.13), compared to non-Hispanic 
whites. Mexicans did not have a significantly different crude risk of cesarean compared to non-
Hispanic whites (RR: 0.99; 95% CI: 0.94-1.05). After adjusting for significant individual factors, 
hospital geographic location, neighborhood ICE, and year of delivery, the association with 
cesarean became stronger for non-Hispanic blacks (adjusted RR: 1.18; 95% CI: 1.14-1.21) and 
Puerto Ricans (aRR: 1.15; 95% CI: 1.10-1.20). In addition, Mexicans had a significantly higher 
risk of cesarean relative to non-Hispanic whites after adjusting for the significant study factors 
(aRR: 1.08; 95% CI: 1.02-1.14) (Table 2.2). After adding interaction terms to the main effects 
model, there were significant interactions between race, gestational age and labor induction (non-
Hispanic black versus white); and between ethnicity, high medical risk for delivery and labor 
induction (Cuban versus non-Hispanic white). Hospital geographic location and maternal 
neighborhood ICE did not have significant interactions with race or ethnicity. P-values for the 
significant interaction coefficients are shown in Table A4. 
     Table 2.3 provides a description of the magnitude and direction of the interactions between 
race, gestational age and induction. Starting with a model restricted to non-Hispanic blacks and 
whites and which adjusted for all significant risk factors except for induction and gestational age, 
the overall risk of cesarean for blacks was 14% greater than that for whites (aRR: 1.14; 95% CI: 
1.10-1.17). Then, in stratified models by gestational age which adjusted for induction and the 
interaction between race and induction, the largest relative difference in cesarean risk between 
blacks and whites was observed among late term, spontaneous deliveries (aRR: 1.40; 95% CI: 
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1.19-1.65), followed by late term, induced deliveries (aRR: 1.28; 95% CI: 1.16-1.42).  The 
relative difference in cesarean risk between the two racial groups was not significant among 
early term, spontaneous deliveries (aRR: 1.04; 95% CI: 0.96-1.14) (Table 2.3). Sensitivity 
analyses showed minimal to no changes in the significance and magnitude of interactions 
between race, gestational age, and induction, in models that excluded health insurance and 
medical risk conditions for delivery as covariates.  The association between race and cesarean 
did not vary significantly by hospital in a full model containing random hospital intercepts and 
random hospital coefficients for black race (hospital intercept variance: .038, P<.0001; hospital 
race coefficient variance: .001, P=.283). 
     Table 2.4 provides a description of the magnitude and direction of the interactions with 
ethnicity. Starting with a model restricted to Cubans and non-Hispanic whites and which 
adjusted for all significant risk factors except for induction and medical risk conditions, the 
overall risk of cesarean for Cubans was 28% greater than that for whites (aRR: 1.28; 95% CI: 
1.22-1.35). Then, in stratified models by presence of medical risk conditions which adjusted for 
induction and the interaction between race and induction, the relative difference in cesarean risk 
between Cubans and non-Hispanic whites was highest among spontaneous deliveries without 
medical risk conditions (aRR: 1.45; 95% CI: 1.34-1.56), followed by spontaneous deliveries with 
medical risk conditions (aRR: 1.34; 95% CI: 1.20-1.49). The RR for Cubans versus non-
Hispanic whites was lowest among induced deliveries with medical risk conditions (aRR: 1.14; 
95% CI: 1.04-1.26) (Table 2.4). We attempted to test whether or not the Cuban vs. non-Hispanic 
white disparity varied by hospital, by fitting a full model that included random hospital intercepts 
and random hospital coefficients for Cuban ethnicity, but the model did not converge.  
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Discussion 
 
In this retrospective cohort of NTSV births in Florida, we found that racial differences in 
cesarean risk are modified by health service-related factors, and ethnic differences are modified 
by medical and health service-related factors. The nature of these interactions differed for race 
versus ethnicity. Older gestational age at delivery and labor induction interacted positively with 
race to increase the disparity between blacks and whites among non-Hispanics. On the other 
hand, medical risk and induction interacted negatively with ethnicity, leading to an even greater 
disparity between Cubans and non-Hispanic whites in the absence of the two factors. These 
findings suggest that while there are opportunities to eliminate racial disparities by addressing 
differences in health services, eliminating the ethnic disparities may involve addressing other 
factors beyond medical need and health services. 
Our study adds to the limited literature on racial and ethnic differences in primary cesareans 
by providing information on risk factors that may or may not contribute to disparities in rates for 
the procedure among low-risk mothers. A few previous studies, which did not focus on the 
NTSV population, have examined differences in cesarean risk factors between racial and ethnic 
groups qualitatively and two studies have provided tests of interaction between race and cesarean 
risk factors. Min et al.48 conducted a race-stratified analysis of cesarean risk factors among 
singleton, vertex deliveries in a large U.S. hospital. They found that overall labor induction was a 
significantly stronger risk factor for primary cesarean among blacks compared to whites, and that 
early term gestation had an overall protective effect on cesarean for blacks but not for whites.  
We found that both non-Hispanic blacks and whites experience higher risk of NTSV cesarean 
among induced deliveries at full and late term compared to early term gestation, but the risk is 
even greater for blacks. In addition, the relative difference in NTSV cesarean risk between blacks 
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and whites was minimal and not statistically significant among early term, spontaneous 
deliveries. Because the difference between the two groups was not persistent beyond induced full 
and late term deliveries, our results suggest that racial disparities in NTSV cesarean may be 
driven in large part by factors related to differences in obstetric care in Florida. Furthermore, 
because the estimates of interactions between race, induction and gestational age were not 
confounded by medical conditions or maternal health insurance, the observed differences are not 
likely to be attributed to differences in medical need or potential financial incentive due to 
payment source.  
A few studies have previously reported higher risk of primary and NTSV cesarean for 
Caribbean Hispanic subgroups such as Cubans and Puerto Ricans. However, studies of effect 
modifiers of the risk of cesarean associated with Hispanic subgroups are rare. In the present 
study, we found that the disparity in NTSV cesarean risk between Cubans and non-Hispanic 
whites is not driven by presence of medical conditions for delivery or labor induction. Cubans 
had a higher risk of NTSV cesarean compared to non-Hispanic whites across all subgroups of 
presence/absence of medical risk and induction, however, the greatest disparity between the two 
ethnic groups was observed among mothers who did not have medical risk conditions for 
delivery and who delivered spontaneously. The fact that the disparity between Cubans and non-
Hispanic whites persisted regardless of presence or absence of medical risk conditions and 
induction suggests that there may be differences in cultural factors related to maternal beliefs and 
expectations as well as patient-provider communication that contribute to the disparity. Many 
Latin American countries, including Brazil and Cuba, have some of the highest cesarean rates in 
the world.80 In Florida, NTSV cesarean rates are highest in regions with higher proportion of 
births to Latin American mothers, such as southern Florida and specifically Miami-Dade 
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County.11 It is possible that Cuban mothers in Florida have a similar experience to that 
documented for Brazilian mothers in the U.S. and Europe, whereby exposure to prevailing 
maternal preferences and an interventionist culture of obstetrics in the country of descent 
contributes to persistently higher rates of NTSV cesarean for these groups in the diaspora beyond 
what may be medically needed.12,81,82 Further study involving discussions with mothers of Cuban 
and other Latin American descent, as well as providers who service them in Florida, may help 
confirm or refute this hypothesis.   
     We have previously reported that maternal race and ethnicity contributed to some of the large 
variation in hospital NTSV cesarean rates in Florida.11 In the present study, we did not find 
evidence to suggest that there is significant between-hospital variation in the risk of NTSV 
cesarean associated with race. In other words, the black–white disparity in NTSV cesarean risk 
appears to be driven more by factors at the individual rather than hospital level in Florida. Our 
findings for race are consistent with two previous studies that have explored the role of hospitals 
in racial disparities in cesareans. Using statewide data for California, Huesch and Doctor found 
that although black mothers were more likely to deliver in some hospitals rather than others, a 
hospital’s proportion of deliveries to black mothers did not correlate with its total rate of 
cesareans.83 Similarly, Chung et al found that non-Hispanic blacks and Hispanics continued to 
have higher risk of primary cesarean compared to non-Hispanic whites after adjusting for 
hospital of delivery in California, although the study included just 4 hospitals in southern 
California.84 Note that we are unable to make a conclusion with regard to hospital variation in 
the Cuban–white disparity in this study due to inability to obtain convergence for a regression 
model with random hospital effects for ethnicity. 
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     This study has limitations that should be acknowledged. First, the use of linked hospital 
discharge and birth certificate data does not allow to comprehensively assess relevant clinical 
information for labor and delivery, such as maternal Bishop score—the extent of cervical 
readiness—at admission. There is growing evidence from observational studies and at least one 
randomized trial suggesting that labor induction alone may not increase the risk of cesarean 
among first time mothers delivering at term.85-87 It has been reported that an unfavorable cervix 
at the time of induction may contribute to the association between cesarean delivery and 
induction reported in studies which do not account for such clinical information.85,88 We are 
unable to assess the extent to which the positive interaction between race and induction observed 
in our study is related to differences in maternal Bishop Score at admission between non-
Hispanic blacks and whites. Second, we are unable to asses confounding by obstetrical provider 
characteristics with the available data. Previous studies have reported an association between 
cesarean delivery and physician identity, male gender and foreign medical training.89-93 It has 
also been reported that physicians with proactive coping and lesser anxiety traits are more likely 
to attempt trial of labor and to successfully provide vaginal birth after a previous cesarean.89 
Despite the lack of clinical and provider information, the use of Florida linked hospital discharge 
and birth certificate data provides a key advantage for this type of investigation in the improved 
accuracy for medical risk conditions and pregnancy complications compared to discharge or 
birth certificate data alone.52,54,94 Third, this study may have lacked statistical power to detect 
interactions for the other two Hispanic subgroups in the study population—Puerto Ricans and 
Mexicans. In addition to constituting the smaller ethnic subgroups in the study population, 
Puerto Ricans and Mexicans experienced smaller differences in the risk of cesarean relative to 
non-Hispanic whites. Despite this numerical problem, our study is one of few analytical studies 
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in the NTSV cesarean literature to provide information on Hispanic subgroups. Finally, the use 
of a Poisson model is as an additional potential limitation of this study. We used an extension of 
the modified Poisson approach by Zou78 in order to obtain direct estimates of the multivariable-
adjusted risk ratio of cesarean.  The main criticism of the modified Poisson approach to binary 
data is that it may result in predicted probability estimates which are greater than 1 and therefore 
may not be an appropriate procedure for predictions of individual risk. However, research shows 
that the modified Poisson is a suitable approach to estimating the risk ratio because it produces 
equivalent estimates to those obtained from models that cannot produce predicted probabilities 
greater than 1, and it usually overcomes convergence problems that are common to another 
popular alternative, the log-binomial model.79,95,96 Another alternative approach which provides 
accurate estimates of the adjusted risk ratio from logistic regression is computation-intensive and 
was not deemed practical for this investigation.97 
In conclusion, our findings on effect modifiers of racial and ethnic differences in NTSV 
cesarean risk, suggest that some of the existing differences may be preventable. Racial disparities 
in particular seem to be driven by disparities in health services related to obstetric care. 
However, there may be a need to examine the role of physicians and Bishop Score at admission 
in the black–white. Opportunities to reduce the Cuban–white disparity may be further clarified 
by investigating differences in practice and maternal and provider culture. Future investigation 
pursuing qualitative information, such as focus groups with mothers in groups with persistent 
high risk of cesarean, such as Cubans, and providers who service them, is particularly likely to 
provide new insights and direction for prevention in Florida. 
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Table 2.1. Study population characteristics and unadjusted cesarean delivery rates. Florida, 2012-2014 
    NTSV births (n) Cesarean, % 
 
Total 145,117 25.9 
Race/ethnicity NH White 83,604 23.8 
NH Black 33,392 27.1 
Cuban 11,703 38.8 
Puerto Rican 9,922 26.5 
Mexican 6,496 23.0 
Individual socioeconomic factors 
   
Age, y <20  22,335 17.6 
20-29 87,686 25.0 
30-34 25,011 30.6 
≥35 10,085 40.6 
Education High school or less 63,264 24.6 
Some college, no degree 29,643 26.7 
Associate degree or higher 52,210 27.1 
Nativity US-born 117,441 24.9 
Foreign-born 27,676 30.2 
Married Yes 62,623 26.5 
No 82,494 25.5 
Health Insurance Medicaid  72,491 25.9 
Private/Other 69,630 26.3 
Self-pay  2,996 19.0 
Medical factors 
   
Prepregnancy BMI (kg/m2) Underweight (<18.5) 7,947 15.0 
Normal (18.5-24.9) 72,184 21.0 
Overweight (25-29.9) 32,315 29.2 
Obese I/II (30-34.9) 21,204 37.4 
Obese III (≥40) 4,122 49.7 
Unknown 7,345 25.4 
≥1 medical risk conditionsa Yes 41,410 38.8 
No 103,707 20.8 
Health service factors 
   
Gestational age (weeks) Early term (37-38) 35,746 22.1 
Full term (39-40) 97,810 26.2 
Late term (41) 11,561 35.3 
Induced labor Yes 62,201 35.2 
No (Spontaneous) 82,916 19.0 
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Table 2.1. Study population characteristics and unadjusted cesarean delivery rates. Florida, 2012-2014 
(Continued)  
    Live births (n) Cesarean, % 
Hospital factors 
   
Annual birth volume  
(quartile) 
Bottom 7,131 24.7 
Second-third 62,049 26.0 
Top 75,937 26.0 
Level of neonatal care Level I  32,631 25.6 
Level II 46,639 25.1 
Level III 65,847 26.7 
Obstetric residency program Yes 22,297 23.7 
No 122,820 26.3 
Annual percentage of births  
by CNM (quartiles) 
Bottom 70,564 28.3 
Second-third 57,459 23.9 
Top 17,094 22.8 
Annual percentage of births  
to NH blacks (quartiles) 
Bottom 22,799 31.9 
Second-third 89,485 24.6 
Top 32,833 25.4 
Annual percentage of births  
to Hispanics (quartiles) 
Bottom 32,175 23.2 
Second-third 82,504 25.4 
Top 30,438 30.2 
Annual percentage of  
Medicaid births (quartiles) 
Bottom 61,889 26.9 
Second-third 74,161 24.7 
Top 9,067 28.9 
Hospital geographic location North Florida  28,612 22.3 
Central Florida  70,381 25.4 
South Florida 30,915 26.0 
Miami-Dade County 15,209 35.1 
Residential neighborhood Index of Concentration at the Extremes 
Race/income ICE Quartiles Bottom (-.72 - .01) 43,269 25.7 
Second (.01 - .10) 36,499 26.8 
Third (.10 - .22) 36,980 25.9 
Top (.22 - 1.0) 28,369 25.1 
Year of birth 2012 49,469 26.5 
2013 47,776 26.3 
2014 47,872 25.0 
Abbreviations. BMI, body mass index; CNM, certified nurse midwife; ICE, maternal neighborhood index of concentration at the extremes of 
affluence/poverty (if ICE=1, 100% of population in neighborhood is in the most privileged bracket of race and income); NICU, neonatal 
intensive care unit.  
aDiabetes, hypertension, eclampsia, oligohydramnios, polyhydramnios, placental abruption, , placenta previa, chorioamnionitis, maternal 
infection, and infant birth weight > 4000 g. 
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Table 2.2. Unadjusted and adjusted association between race/ethnicity and cesarean delivery. Florida, 2012-2014. 
(n=145117) 
  
Model 1 
 
Model 2 
 
Model 3 
 
Model 4 
    RR (95% CI)   aRR (95% CI)   aRR (95% CI)   aRR (95% CI) 
Race/ethnicity NH White 1.00 Reference 
 
1.00 Reference 
 
1.00 Reference 
 
1.00 Reference 
NH Black 1.14 (1.11,1.17) 
 
1.17 (1.14,1.20) 
 
1.17 (1.14,1.20) 
 
1.18 (1.14,1.21) 
Cuban 1.27 (1.21,1.33) 
 
1.29 (1.24,1.35) 
 
1.28 (1.22,1.34) 
 
1.28 (1.22,1.34) 
Puerto Rican 1.08 (1.04,1.13) 
 
1.16 (1.11,1.21) 
 
1.15 (1.11,1.20) 
 
1.15 (1.10,1.20) 
Mexican 0.99 (0.94,1.05) 
 
1.08 (1.02,1.14) 
 
1.08 (1.02,1.14) 
 
1.08 (1.02,1.14) 
Age, y <20  
   
1.00 Reference 
  
Reference 
 
1.00 Reference 
20-29 
   
1.34 (1.29,1.39) 
 
1.34 (1.29,1.39) 
 
1.34 (1.30,1.39) 
30-34 
   
1.68 (1.60,1.75) 
 
1.67 (1.60,1.75) 
 
1.68 (1.61,1.76) 
≥35 
   
2.08 (1.98,2.19) 
 
2.08 (1.98,2.18) 
 
2.09 (1.99,2.19) 
Education High school grad or less 
   
1.04 (1.01,1.07) 
 
1.04 (1.01,1.07) 
 
1.04 (1.01,1.07) 
Some college, no degree 
   
1.03 (1.00,1.06) 
 
1.03 (1.00,1.06) 
 
1.03 (1.00,1.06) 
Associate degree or higher 
   
1.00 Reference 
 
1.00 Reference 
 
1.00 Reference 
Married Yes 
   
0.96 (0.94,0.98) 
 
0.96 (0.94,0.98) 
 
0.96 (0.94,0.98) 
No 
   
1.00 Reference 
 
1.00 Reference 
 
1.00 Reference 
Health Insurance Medicaid  
   
1.24 (1.14,1.36) 
 
1.25 (1.14,1.36) 
 
1.25 (1.15,1.36) 
Private/Other 
   
1.20 (1.10,1.31) 
 
1.21 (1.11,1.31) 
 
1.21 (1.11,1.32) 
Self-pay  
   
1.00 Reference 
 
1.00 Reference 
  
Reference 
Prepregnancy 
BMI (kg/m2) 
Underweight (<18.5) 
   
0.78 (0.73,0.83) 
 
0.78 (0.73,0.83) 
 
0.78 (0.73,0.83) 
Normal (18.5-24.9) 
   
1.00 Reference 
 
1.00 Reference 
 
1.00 Reference 
Overweight (25-29.9) 
   
1.27 (1.24,1.31) 
 
1.27 (1.24,1.31) 
 
1.27 (1.24,1.31) 
Obese I - II (30-39.9) 
   
1.55 (1.51,1.59) 
 
1.55 (1.51,1.59) 
 
1.55 (1.51,1.60) 
Obese III (≥40) 
   
1.89 (1.80,1.98) 
 
1.89 (1.80,1.98) 
 
1.89 (1.80,1.98) 
Unknown 
   
1.23 (1.16,1.31) 
 
1.24 (1.16,1.32) 
 
1.24 (1.16,1.32) 
≥1 medical risk 
conditionsa 
Yes 
   
1.59 (1.55,1.62) 
 
1.59 (1.55,1.62) 
 
1.59 (1.55,1.62) 
No 
   
1.00 Reference 
 
1.00 Reference 
 
1.00 Reference 
Gestational age 
(weeks) 
Early term (37-38) 
   
1.00 Reference 
 
1.00 Reference 
 
1.00 Reference 
Full term (39-40) 
   
1.23 (1.20,1.26) 
 
1.23 (1.20,1.26) 
 
1.23 (1.20,1.26) 
Late term (41) 
   
1.59 (1.53,1.66) 
 
1.59 (1.53,1.65) 
 
1.60 (1.54,1.66) 
Induced labor Yes 
   
1.53 (1.50,1.56) 
 
1.53 (1.50,1.57) 
 
1.53 (1.50,1.56) 
No (Spontaneous) 
    
Reference 
 
1.00 Reference 
 
1.00 Reference 
Hospital 
geographic 
location 
North Florida  
      
1.00 Reference 
 
1.00 Reference 
Central Florida  
      
1.15 (1.01,1.30) 
 
1.14 (1.00,1.29) 
South Florida 
      
1.14 (0.98,1.31) 
 
1.13 (0.98,1.31) 
Miami-Dade County 
      
1.49 (1.25,1.78) 
 
1.50 (1.26,1.79) 
Race/income 
ICE, Quartiles 
Bottom 
         
1.00 (0.97,1.04) 
Second 
         
1.06 (1.02,1.09) 
Third 
         
1.04 (1.00,1.07) 
Top 
         
1.00 Reference 
Year of birth 2012 
         
1.10 (1.07,1.12) 
2013 
         
1.06 (1.04,1.09) 
2014                   1.00 Reference 
Notes. Model 1, no covariates; model 2, individual factors; model 3, model 2+hospital factors; model 4, model 3+SES+Year 
Abbreviations. BMI, body mass index; ICE, maternal neighborhood index of concentration at the extremes of affluence/poverty (if ICE=1, 100% of 
population in neighborhood is in the most privileged bracket of race and income); RR, risk ratio; aRR, adjusted risk ratio (generalized linear mixed 
model).  
aDiabetes, hypertension, eclampsia, oligohydramnios, polyhydramnios, placental abruption, , placenta previa, chorioamnionitis, maternal infection, 
and infant birth weight > 4000 g. 
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Table 2.3. Adjusted risk and risk ratio (aRR) of cesarean delivery for significant interactions (p<.05) between race, labor induction and gestational age, among Non-
Hispanics (NH). Florida, 2012-2014. 
  
  
  
  
Overall  
(n=116996)a 
 Early Term  
(n=28671)b 
 
Full Term  
(n=78468)b 
 
Late Term  
(n=9857)b 
Risk (%) aRR (95% CI) Risk (%) aRR (95% CI) Risk (%) aRR (95% CI) Risk (%) aRR (95% CI) 
Overall NH White 26.7 Reference  
        
 
NH Black 30.4 1.14 (1.10, 1.17)  
        
Spontaneous NH White 
  
 18.1 Reference 
 
21.2 Reference 
 
28.0 Reference  
NH Black 
  
 18.9 1.04 (0.96,1.14) 
 
24.1 1.14 (1.08,1.20) 
 
39.2 1.40 (1.19,1.65) 
Induced NH White 
  
 27.5 Reference 
 
32.3 Reference 
 
41.9 Reference  
NH Black 
  
 30.4 1.11 (1.02,1.20) 
 
39.7 1.23 (1.17,1.29) 
 
53.8 1.28 (1.16,1.42) 
aRisk and Risk ratios adjusted for significant risk factors except gestational age and induction (covariates: race, maternal age, education, marital status, health insurance, prepregnancy BMI, medical risk 
conditions, hospital geographic location, neighborhood race/income ICE, and year of birth). 
bRisk and Risk ratios from models stratified by gestational age adjusting for significant cesarean risk factors (covariates: race, maternal age, education, marital status, health insurance, prepregnancy BMI, 
medical risk conditions, labor induction, hospital geographic location, neighborhood race/income ICE, and year of birth).  
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Table 2.4. Adjusted risk (%) and risk ratio (RR) of cesarean for the interactions between Cuban ethnicity, induction and presence of medical risk conditions 
for delivery. Florida, 2012-2014 
  Overalla  
(n= 95307) 
 No Medical Risk Conditions 
(n=67558)b 
 
Medical Risk Conditions Present 
(n=27749)b,c 
    Risk (%) aRR (95% CI) Risk (%) aRR (95% CI) Risk (%) aRR (95% CI) 
Overall NH White  26.6 Reference  
     
 
Cuban  34.0 1.28 (1.22, 1.35)  
     
Spontaneous NH White 
  
 16.3 Reference 
 
32.4 Reference  
Cuban  
  
 23.5 1.45 (1.34,1.56) 
 
43.4 1.34 (1.20,1.49) 
Induced NH White  
  
 28.8 Reference 
 
40.1 Reference  
Cuban  
  
 34.2 1.19 (1.10,1.28) 
 
45.8 1.14 (1.04, 1.26) 
aRisk and Risk ratios adjusted for significant risk factors except gestational age and induction (covariates: race, maternal age, education, marital status, health insurance, prepregnancy BMI, medical 
risk conditions, hospital geographic location, neighborhood race/income ICE, and year of birth). 
bRisk and Risk ratios from models stratified by gestational age adjusting for significant cesarean risk factors (covariates: race, maternal age, education, marital status, health insurance, prepregnancy 
BMI, medical risk conditions, labor induction, hospital geographic location, race/income ICE, and year of birth). 
cDiabetes, hypertension, eclampsia, oligohydramnios, polyhydramnios, placental abruption, , placenta previa, chorioamnionitis, maternal infection, and infant birth weight > 4000 g. 
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CHAPTER THREE 
MANUSCRIPT 2: IDENTIFYING RACIAL AND ETHNIC SPECIFIC TARGETS FOR 
IMPROVEMENT IN CESAREAN DELIVERY 
Introduction 
     Cesarean deliveries account for more than 32% of all births in the United States.9,60 Despite 
their life-saving potential when there is a major indication, cesareans are associated with higher 
risks of morbidity to the mother and baby and higher financial costs compared to vaginal 
deliveries.6,10 Between 1996 and 2009, cesarean rates increased by more than 50% with little 
evidence for an associated improvement in cesarean-related outcomes.2,59 Following the large 
increase in cesarean rates, reports showed a wide variation in overall and risk-adjusted rates for 
the procedure across hospitals and geographic regions in the U.S., suggesting that some 
cesareans may be preventable and prompting recommendations for research and quality 
improvement efforts in this direction.7,10,63-65  
     Because 90% of mothers who have a first cesarean deliver again by cesarean in subsequent 
pregnancies,59 primary cesareans provide the best opportunity for prevention. First-time, low-risk 
mothers (known as nulliparous, term, singleton, vertex, or NTSV) constitute the recommended 
focus for safe prevention of primary cesareans because this segment accounts for most of the 
variation in total cesarean rates and is most likely to be affected by differences in obstetric 
practice.8 While there is frequent attention paid to the role that hospital and practice differences 
may play in driving variation in NTSV cesarean rates, 45,46,98 maternal racial and ethnic 
differences in the risk for the procedure may provide additional opportunities for prevention and 
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quality improvement which are seldom explored.11 Compared to non-Hispanic white mothers, 
several minority groups experience higher adjusted risk of NTSV cesarean and there is 
suggestion that the differences cannot be explained by differences in medical need.11,12  
     Florida ranks among the states with highest NTSV cesarean rates in the U.S., and has a 
diverse obstetric population with substantial variation in adjusted rates for the procedure across 
racial and ethnic groups.9,11 Efforts to reduce the disparities in NTSV cesarean rates may benefit 
from targeted approaches that focus on unique issues for the different racial and ethnic groups.  
The objective of this study was to identify distinct population subgroups that may represent 
opportunities for prevention and reduction of disparities in NTSV cesarean, based on the risk 
factor profile of different racial and ethnic groups in Florida.  
Methods 
Study design  
     We conducted a retrospective cohort study using Florida’s linked maternal/infant hospital 
discharge and birth certificate records for the period of January 1, 2012 to December 31, 2014. 
The linked data accounts for over 92% of live births to Florida residents. Births to mothers who 
are foreign-born, unmarried, with lower education level, are least likely to be captured.67  Data 
for this study was limited to births in Florida’s nonmilitary hospitals with maternity service.  
Maternal neighborhood socioeconomic characteristics were added to the study data by linkage 
with U.S. Census Bureau data,68 using the birth certificate residential census tract geocode. The 
research team completed data use agreements with the Florida Department of Health (FDOH) 
and the Agency for Health Care Administration (AHCA). This study was approved by the 
University of South Florida institutional review board and deemed exempt from review by the 
FDOH. 
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Study population  
 
     The eligible study population was comprised of nulliparous (first-time) mothers, delivering at 
term, with a singleton, vertex baby (NTSV) and without malpresentation. This group is 
considered low-risk for primary cesarean delivery among first time pregnant mothers.8 In order 
to focus on routine delivery hospitals, we excluded records from hospitals with less than 100 
annual births. Records missing information for both maternal race and ethnicity, age, marital 
status, education level, and residential census tract code were excluded. Combined, these 
exclusions made up less than 3% of eligible births, resulting in an initial study population of 
163,819 births. We further excluded births from cesarean deliveries without labor (n=18,702) 
because of potential differences in factors related to planning these deliveries and the need for 
separate study.69 The reduced analytic sample was comprised of 145,117 NTSV births with 
labor. 
Measures  
 
     Mode of delivery (vaginal, cesarean), the outcome of interest, was classified based on the 
report of a cesarean procedure on the hospital discharge or birth certificate record. Maternal race 
and ethnicity was classified using information from two questions on the birth certificate record. 
The first question asks the mother to choose the racial group(s) she identifies with based on 
options such as white, black or African American, American Indian or Alaskan Native, specific 
Pacific Islander groups (e.g., Hawaiian, Samoan), and specific Asian groups (e.g. Asian Indian, 
Japanese). The second question asks the mother if she is of Hispanic or Haitian ethnicity and if 
she is of Mexican, Puerto Rican, Cuban, or Other specific Hispanic descent. This information is 
combined into the following eight mutually-exclusive racial and ethnic groups: non-Hispanic 
white, non-Hispanic black, Hispanic—Mexican, Hispanic—Cuban, Hispanic—Puerto Rican, 
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Other Hispanic, Haitian, and Other non-Hispanic (combines Asian, Asian/Pacific Islander and 
Native American groups). Hispanic subgroups may be of any race. Based on previous study in 
this population,11 the current study was restricted to five racial/ethnic groups with sufficient size 
to allow meaningful discussion of differences in cesarean delivery: non-Hispanic white, non-
Hispanic black (including Haitian), Cuban, Puerto Rican and Mexican.  
     Risk factors for cesarean delivery were selected based on the literature and their clinical 
significance. In this study, we included only those factors found to be significantly associated 
with cesarean deliveries in the study population after adjusting for multiple factors and hospital 
of delivery (findings published separately). The following factors were included: maternal age, 
marital status, education level, and health insurance (individual socioeconomic factors); 
prepregnancy body mass index and presence of one or more medical risk conditions for delivery 
(medical factors); gestational age, onset of labor (preventable health service factors); hospital 
geographic location, and maternal neighborhood index of concentration at the extremes (ICE). 
Additional details (levels, data source) for all variables included in the study are provided in 
Table B1 (Appendix). Individual socioeconomic factors, medical factors, and preventable health 
service factors were measured using information from the linked birth certificate and hospital 
discharge data. Onset of labor was categorized as either spontaneous (vaginal births without an 
induction, cesarean births without an induction but with a trial or augmentation of labor) or 
induced (vaginal and cesarean births with induction). Medical indications for cesarean delivery, 
such as fetal distress, were not included in the analysis because they may represent subjective 
and/or ambiguous justifications recorded after the procedure.70 For hospital geographic location, 
we divided the state into geographic regions (north, central, south) using the ACOG Florida 
section map.72 Miami-Dade County, which represents 13% of all births, was classified as a 
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separate region based on previous findings in this population.11 This resulted in four categories: 
(1) north (ACOG sections 1-2), (2) central (ACOG sections 3-4), (3) south (ACOG sections 5-6, 
with Miami-Dade removed), and (4) Miami-Dade (part of ACOG section 6). We used the U.S. 
Census American Community Survey (ACS) 5-year annual average estimates for 2010-2014 to 
calculate an index of privilege and deprivation at the maternal residential census tract level.68 
The Index of Concentration at the Extremes (ICE) is a measure of spatial social polarization, 
originally proposed by Massey73 and designed to reveal the extent to which an area’s residents 
are concentrated at extremes of affluence or poverty.74 A value of -1 means that 100% of the 
population is concentrated in the most deprived group, and a value of 1 means that 100% of the 
population is concentrated in the most privileged group.74 As proposed by both Krieger et al.75 
and Feldman et al.,76 we combined census tract data for income and race/ethnicity to calculate 
the ICE. Extreme groups were set as non-Hispanic whites whose household income was equal to 
or greater than $100,000 (most privileged) and non-Hispanic blacks whose household income 
was below $25,000 (most deprived). Income thresholds were based on the ACS reported income 
distribution and are meant to approximate the 20th and 80th percentiles of the national household 
income distribution based on 2010 U.S. Census data—as is used in studies of income 
inequality.77  
Statistical analysis 
 
     Frequencies were used to examine the distribution of cesarean risk factors among the five 
race and ethnicity groups. Following the descriptive analysis, we used classification tree 
modeling to identify distinct population subgroups based on interactions between study factors 
on the risk of cesarean. The exhaustive Chi Square Automatic Interaction Detection (CHAID) 
method in SPSS® software, version 23,99 was used to run a classification model first for the 
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overall study population and then separately for each racial and ethnic group. This procedure 
allows identifying statistically significant homogenous subgroups with high or low risk of 
cesarean based on combinations between multiple risk factors. The model results are 
summarized in a “tree” diagram, providing a graphic representation of the cesarean risk profile 
for the population or group. The first node (node 0), at the top of the tree, represents the initial 
sample. Subsequent layers of the tree show statistically significant interactions between risk 
factors in the model, as well as between specific categories for each risk factor. Risk factor 
categories which do not differ significantly from each other are collapsed into one by the 
procedure. Risk factor interactions with stronger levels of significance in the model are displayed 
earlier in the tree (upper layers) and those with weaker levels of significance are displayed later 
(lower layers).100 The nodes in the lowest layer provide the best outcome predictions for the 
model99 and represent subgroups that may be worthy of consideration for prevention planning.100  
All risk factors in the model were treated as nominal. Minimum sizes for parent and child nodes 
were set at 5% and 2.5% of the initial population or specific racial/ethnic group, respectively, in 
order to allow meaningful discussion of subgroups.101 Statistical significance was set at an 
overall alpha level of .05 with Bonferroni adjustments for multiple comparisons. For each model, 
classification accuracy was assessed through a 2x2 table comparing observed and predicted 
categories of mode of delivery (vaginal, cesarean), and providing the percent of correctly 
classified cases. Because the primary concern was to build a model that correctly identified 
cesarean deliveries, we maximized the rate of correct classification for cesarean by using the 
misclassification costs option.99 We specified a cost of 1 to the incorrect classification of a 
cesarean as vaginal delivery and kept a default cost of 0 for the converse. Cross-validation with 5 
sample folds was used to assess the overall predictive accuracy of each model. The risk estimate, 
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an average of misclassified cases in the cross-validation,99 is reported. Each tree model was 
initially allowed to grow to a maximum depth of seven layers, as is done in prevention research 
studies.101 However, there were generally small differences in the cesarean rate for child nodes 
beyond 3 layers. Based on this finding, the tree diagram display was trimmed to report 4 layers 
(i.e., subgroups defined by 4 characteristics) for the overall study population and 3 layers for the 
separate racial and ethnic groups. For simplicity, the tree diagram display was also edited to 
present only the node number and risk factor combinations that define each node. Tree tables, 
with numerical information for each classification model, including rate of cesarean and 
proportion of the initial sample represented by each node, are provided in the Appendix (Tables 
B2-B7).  
Results 
     Among the 145,117 NTSV births that occurred during the study period, 83604 were to non-
Hispanic whites, 33392 to non-Hispanic blacks, 11703 to Cubans, 9922 to Puerto Ricans, and 
6496 to Mexicans.  Table 3.1 describes differences in the distribution of study factors by racial 
and ethnic group in the population. All study factors differed significantly in prevalence across 
racial and ethnic groups (p<.05). For instance, Non-Hispanic whites had the highest rate of labor 
induction (45.6%), and the highest prevalence of medical risk conditions for delivery (29.6%). 
Non-Hispanic blacks had the highest prevalence of obesity (22.7%) and the second-highest 
prevalence of medical risk conditions for delivery (28.1%). The majority of Cubans (62.7%) 
delivered in hospitals located in Miami-Dade County; whereas the majority of Puerto Ricans 
(71.3%) and Mexicans (59.5%) delivered in Central Florida hospitals. Non-Hispanic whites and 
Cubans were more likely to reside in neighborhoods that ranked in the top quartile of 
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race/income ICE (26.5% of Non-Hispanic whites and 20.7% of Cubans) compared to the other 
groups. 
Classification tree for the overall study population 
 
          The overall cesarean delivery rate in the study population was 25.9%. Figure 3.1 displays 
the classification tree for the study population. The CHAID algorithm identified multiple 
interactions between the following factors on the risk of cesarean:  medical risk conditions, labor 
onset, BMI, race and ethnicity, maternal age, and hospital geographic location. The first and 
most significant interaction to modify the risk of cesarean was a twofold split by 
presence/absence of medical risk conditions for delivery, with overall cesarean rates of 38.8% 
and 20.8% for the segments with (n=41410 births) and without medical risk conditions 
(n=103707), respectively. The next significant interaction among deliveries with medical risk 
conditions was by BMI, followed by race and ethnicity among obese mothers (classes I-III), age 
among normal BMI mothers, and labor onset among mothers with overweight and unknown 
BMI. The next significant interaction among deliveries without medical risk conditions, was by 
labor onset, followed by BMI among induced deliveries, and race and ethnicity among 
spontaneous deliveries. Overall, the classification tree had 19 final risk subgroups. The subgroup 
with greatest cesarean rate was comprised of obese non-white mothers who had medical risk 
conditions for delivery (52.6%, n=4880). The subgroup with lowest cesarean rate was comprised 
of underweight, normal and unknown weight mothers who were non-Hispanic white or Mexican 
and delivered spontaneously without medical risk conditions (11.8%, n=27863) (Figure 3.1). 
Non-Hispanic whites 
 
     Non-Hispanic whites had an overall cesarean rate of 23.8%. The CHAID algorithm identified 
interactions between the following factors on the risk of cesarean for non-Hispanic whites:  
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medical risk conditions, labor onset, BMI, and maternal age (Figure 3.2). Similar to the tree for 
the overall study population, the first interaction in the tree was by presence/absence of medical 
risk conditions for delivery, with overall cesarean rates of 35.7% and 18.8% for the segments 
with (n=24742) and without medical risk conditions (n=58862), respectively. BMI, followed by 
age group defined the next significant interactions among deliveries with medical risk 
conditions. Labor onset, followed by BMI and age group defined the next significant interactions 
among deliveries without medical risk conditions. Overall, the classification tree had 11 final 
risk subgroups. The subgroup with greatest cesarean rate was comprised of obese mothers 
(classes I-III) who had medical risk conditions for delivery (45.8%, n=6081). There were 
additional subgroups with high cesarean rate defined by different combinations between 
presence of medical risk conditions, overweight or obese BMI, labor induction, and maternal age 
of 30 years or older (rates ranging from 30.9% to 45.4%). The subgroup with lowest cesarean 
rate was comprised of mothers younger than 20 years who delivered spontaneously without 
medical risk conditions (8.6%, n=4234) (Figure 3.2; Table B3).  
Non-Hispanic blacks 
 
     Non-Hispanic blacks had an overall cesarean rate of 27.1%. The CHAID algorithm identified 
interactions between the following factors on the risk of cesarean for non-Hispanic blacks: labor 
onset, medical risk conditions, and BMI (Figure 3.3). Unlike the tree for non-Hispanic whites, 
the first and most significant interaction in the model for blacks was by labor onset, with overall 
cesarean rates of 40.1%  and 18.8% for the induced (n=13023) and spontaneous (n=20369) 
segments, respectively. The next significant interaction among induced deliveries was by BMI, 
followed by medical risk conditions. Conversely, the next significant interaction among 
spontaneous deliveries was by presence/absence medical risk conditions, followed by BMI. 
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Overall, the classification tree had 13 final risk subgroups. The subgroup with greatest cesarean 
rate was comprised of extremely obese mothers (class III) who had a labor induction (59.6%, 
n=904). There were additional high cesarean rate subgroups defined by different combinations 
between labor induction, overweight or obese BMI class I-II, and medical risk conditions (rates 
ranging from to 47.9% to 54.8%).  The subgroup with lowest cesarean rate was comprised of 
underweight mothers who delivered spontaneously without medical risk conditions (9.2%, 
n=999) (Figure 3.3; Table B4).  
Cubans 
 
     Cubans (n=11703) had an overall cesarean rate of 38.8%, which was the highest among racial 
and ethnic groups in the population. The CHAID algorithm identified interactions between the 
following factors on the risk of cesarean for Cubans: medical risk conditions, hospital geographic 
location, labor onset, BMI, education level, and maternal age (Figure 3.4). Similar to the 
classification tree for non-Hispanic whites, the first interaction in the model for Cubans was by 
presence/absence of medical risk conditions (cesarean rates: 53.3% when conditions were 
present, n=3007; 33.8% when conditions were not present, n=8696). Hospital geographic 
location, followed by BMI and education level defined the next significant interactions among 
deliveries with medical risk conditions. Labor onset, followed by maternal age and hospital 
geographic location defined the next significant interactions among deliveries without medical 
risk conditions. Overall, the classification tree had 10 final risk subgroups. The subgroup with 
greatest cesarean rate was comprised of mothers with high school or lower level of education, 
who had medical risk conditions and delivered in hospitals located in Miami-Dade County 
(63.5%, n=823). Other subgroups with high cesarean rate were defined by different combinations 
between presence of medical risk conditions, overweight or obese BMI, delivery in Miami-Dade 
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County, and maternal age of 35 years or greater (rates ranging from 45.3% to 55.3%). The 
subgroup with lowest cesarean rate was comprised of mothers younger than 20 years who 
delivered spontaneously without medical risk conditions (19.3%, n=517) (Figure 3.4; Table 
B5).  
Puerto Ricans 
     Puerto Ricans (n=9922) had an overall cesarean rate of 26.5%. The CHAID algorithm 
identified interactions between the following factors on the risk of cesarean for Puerto Ricans: 
labor onset, BMI, medical risk conditions, and marital status (Figure 3.5). Unlike the 
classification model for Cubans, the first interaction in the model for Puerto Ricans was by labor 
onset (cesarean rates: 36.7% among induced, n=3976; 19.6% among spontaneous, n=5946). 
BMI, followed by presence/absence of medical risk conditions defined the next significant 
interactions among induced deliveries. Medical risk conditions, followed by marital status and 
BMI, defined the next significant interactions among spontaneous deliveries. Overall, the 
classification tree had 10 final risk subgroups. The subgroup with greatest cesarean rate was 
comprised of obese mothers (class I-III) who had medical risk conditions and an induction 
(52.5%, n=499). There were additional subgroups with high cesarean rate, defined by different 
combinations between induction, overweight or obese BMI, and medical risk conditions (rates 
ranging from to 35% to 47.1%). The subgroup with lowest cesarean rate was comprised of 
unmarried mothers who delivered spontaneously without medical risk conditions (14%, n=3401) 
(Figure 3.5; Table B6). 
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Mexicans 
     Mexicans (n=6496) had an overall cesarean rate of 23%, which was the lowest rate among 
racial and ethnic groups in the population. The CHAID algorithm identified interactions between 
the following factors on the risk of cesarean for Mexicans:  medical risk conditions, labor onset, 
BMI, age, marital status, and gestational age (Figure 3.6). Similar to the classification models 
for Cubans and Non-Hispanic whites,  the first interaction in the tree was by presence/absence of 
medical risk conditions for delivery, with overall cesarean rates of 37.8% and 17.7% for the 
segments with (n=1703) and without medical risk conditions (n=4793), respectively. BMI, 
followed by marital status and gestational age defined the next significant interactions among 
deliveries with medical risk conditions. Labor onset, followed by maternal age and BMI defined 
the next significant interactions among deliveries without medical risk conditions. Overall, the 
classification model had 11 final risk subgroups. The subgroup with greatest cesarean rate was 
comprised of obese mothers (classes I-III) who had medical risk conditions for delivery (50.2%, 
n=476). Additional subgroups with high cesarean rate were defined by different combinations of 
presence of medical risk conditions, overweight or obese BMI, full or late term gestation, and 
being married (rates ranging from 30.3% to 45%). The final subgroup with lowest cesarean rate 
was comprised of mothers younger than 20 years, who delivered spontaneously without medical 
risk conditions (Figure 3.6; Table B7). 
Classification model accuracy 
     For all classification models, the case misclassification risk estimate from cross-validation 
was 0% and the estimated percent of correctly identified cesarean deliveries was 100%. This 
appeared to be a consequence of assigning the optional cost of 1 to the incorrect classification of 
a cesarean delivery as vaginal (and a cost of 0 to the converse). Removal of this option increased 
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the misclassification risk, and decreased the estimated percent of correctly identified cesarean 
deliveries. However, the obtained classification models were the same for all scenarios (with or 
without assigned costs of misclassification). 
Discussion 
In this retrospective cohort of NTSV deliveries in Florida, we found differences in risk factor 
interactions and in the influence they have on the risk of cesarean among maternal racial and 
ethnic groups. Based on the distinct maternal risk subgroups identified, there are potential 
opportunities to reduce group disparities in rates for the procedure. Two previous studies 
assessing racial and ethnic differences in cesarean risk factors have reported that labor induction 
is a significant effect modifier for race,48 and that maternal education level is a significant effect 
modifier for race and ethnicity, on the association with primary cesarean.51 In addition to lacking 
information on specific Hispanic subgroups, the previous studies provided little detailed 
information beyond reporting the presence of statistical interactions between race and ethnicity 
and the cesarean risk factors. We contribute to the existing knowledge by identifying multiple 
risk factor combinations that define distinct maternal subgroups at high and low risk for NTSV 
cesarean delivery by race and ethnicity in Florida. This information may be useful to help 
improve prevention efforts aimed at reducing group disparities, by tailoring interventions with 
culturally-relevant targets for improvement. We discuss implications for prevention and future 
research as follows. 
     First, according to the classification tree models, the leading significant factors to predict the 
risk of cesarean delivery are common to all racial and ethnic groups included in the study. 
However, the specific role these factors play seems to vary by race and ethnicity. Among non-
Hispanic whites, Cubans, and Mexicans, presence of medical risk conditions was the most 
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significant predictor of cesarean according to CHAID; whereas among non-Hispanic blacks and 
Puerto Ricans, labor induction was the most significant predictor.  These findings suggest that 
prevention efforts may benefit from identifying specific areas for improvement within the 
different racial and ethnic groups. For example, exploring the reasons for a labor induction 
among mothers who were induced to explore the need for tailored education, may be particularly 
beneficial to non-Hispanic black mothers—who experienced a twofold increase in risk of 
cesarean when induced.  
     Second, with the exception of Cubans, the majority of terminal subgroups within each racial 
and ethnic group seem to be defined primarily by medical or health service factors, rather than 
socioeconomic characteristics.  The subgroups with highest rate of cesarean identified in the 
separate classification trees for each racial and ethnic group were generally defined by presence 
of medical risk conditions or prepregnancy obesity, or both. However, in the classification tree 
for the overall study population, race and ethnicity was selected by the CHAID algorithm to 
define the highest risk subgroup: obese, non-white, with medical risk conditions. These findings 
suggest that maternal race and ethnicity is the most influential factor in predicting risk of 
cesarean among the socioeconomic factors included in the study. Most importantly, these 
findings reinforce the importance of well-known medical factors associated with cesarean 
delivery at a population level such as prepregnancy obesity.58,102 This may also suggest that 
promoting healthy behaviors in prospective mothers can contribute to a safe reduction in 
potential disparities related to differences in management of medical factors in pregnancy.103 
     Third, although we identified several subgroups defined by presence of medical risk 
conditions which had very high cesarean rates, it is unclear whether or not these groups 
constitute the best available opportunities for improvement. As shown in the classification trees 
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for Cubans and non-Hispanic blacks, there were subgroups defined by absence of specific 
medical risk conditions for delivery which had substantially higher rate of cesarean compared to 
the overall sample. Among non-Hispanic blacks, these subgroups were generally defined by the 
presence of prepregnancy overweight or obesity and labor induction. Among Cubans, the 
additional high cesarean risk subgroups were defined by delivery in a hospital located in Miami-
Dade County or by advanced maternal age. These subgroups may be more likely to respond to 
and benefit from prevention intervention because they involve potentially modifiable factors in 
the absence of medical diagnoses that could possibly justify a cesarean. Further study, potentially 
involving focus group discussions with mothers, is needed to help confirm these hypotheses.  
     Finally, the fact that multiple risk factors combined to identify distinct cesarean risk 
subgroups among the different racial and ethnic groups reinforces the need to explore the role 
that maternal cultural differences and provider factors play in racial and ethnic disparities.11,12 
We have previously reported that delivery in a Miami-Dade hospital was a significant risk factor 
for NTSV cesarean even after adjusting for medical and practice-related factors. We discussed 
that the higher proportion of births to mothers of descent from countries known to have very high 
cesarean rates, such as Brazil and Cuba, may contribute to the reasons for higher cesarean rates 
in that region of Florida.11 The subgroups identified here may guide the issues and segments of 
the population to focus on. For instance, our findings for Cubans mothers reinforce that 
deliveries in Miami-Dade constitute a priority segment for research and prevention.   
     Our study is limited by the lack of information on relevant labor and delivery characteristics, 
such as maternal cervical dilation and Bishop Score at admission. These factors have been 
associated with risk of cesarean delivery and may confound the association between induction 
and cesarean delivery.85,88,104 The extent to which an unfavorable Bishop score at admission may 
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contribute to the high cesarean rates predicted in population segments with labor induction is 
unknown. This kind of clinical information is generally not available in maternal hospital 
discharge and infant birth certificate data. On the other hand, the breadth of other relevant 
information provided by linked discharge and birth certificate data, such as medical diagnoses 
and procedures, prepregnancy BMI, and detailed maternal race and ethnicity, is a particular 
strength for this type of investigation.105,106 Another strength of this study is the application of 
the CHAID algorithm, which provided highly-interpretable results through the classification tree 
diagrams, and highlighted multiple risk factor interactions on the risk of cesarean which may not 
be easily detected through a traditional regression modeling approach.107 A potential limitation 
of having used CHAID in this study, was the algorithm’s sole reliance on statistical significance 
of factors, which does not necessarily reflect clinical significance. It is unclear whether or not the 
incorporation of a strength statistic, such as Cramer’s V,108 along with the default Chi-square test 
of significance, would have led to substantially different findings. All factors included in this 
study were selected a priori based on the literature, clinical relevance to cesarean deliveries and 
relevance to health disparities. 
     In conclusion, our findings on the characteristics that define distinct population subgroups at 
high and low risk for cesarean delivery among the different racial and ethnic groups, suggest that 
there are potential opportunities for maternal prevention in Florida. By helping to identify 
culturally-relevant targets for improvement within the different maternal racial and ethnic 
groups, these findings can support the planning of future efforts aiming to reduce disparities in 
cesarean deliveries. 
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Table 3.1. Distribution of study factors by race and ethnicity in the study population (n=145117). Florida, 2012-
2014 
    Non-Hispanic (%) 
 
Hispanic (%) 
White  
(n=83604) 
Black 
(n=33392) 
Cuban 
(n=11703) 
Puerto 
Rican 
(n=9922) 
Mexican 
(n=6496) 
Total 
 
100.0 100.0 
 
100.0 100.0 100.0 
Cesarean delivery 
 
23.8 27.1 
 
38.8 26.5 23.0 
Age, y <20  11.3 23.0 
 
8.3 22.7 31.0  
20-29 59.2 62.3 
 
65.6 61.0 56.4  
30-34 21.3 10.4 
 
17.7 11.3 9.0  
≥35 8.3 4.3 
 
8.5 5.0 3.6 
Education High school or less 35.0 56.0 
 
47.1 51.7 71.5  
Some college, no degree 19.9 22.8 
 
18.6 23.3 14.8  
Associate degree or 
higher 
45.1 21.2 
 
34.3 25.0 13.8 
Married 
 
54.7 20.7 
 
39.2 31.9 34.6 
Health Insurance Medicaid  37.6 68.1 
 
64.7 62.0 71.3  
Private/Other 60.4 29.7 
 
34.7 37.5 22.8  
Self-pay  2.1 2.3 
 
0.6 0.6 5.9 
Prepregnancy BMI 
(kg/m2) 
Underweight (<18.5) 5.7 4.9 
 
5.5 5.7 5.2 
Normal (18.5-24.9) 53.1 40.9 
 
54.1 47.4 47.8 
Overweight (25-29.9) 21.0 23.7 
 
24.7 23.9 24.4 
Obese I-II (30-39.9) 13.4 18.2 
 
10.6 16.5 16.7 
Obese III (≥40) 2.4 4.5 
 
1.3 3.0 2.8 
Unknown 4.5 7.8 
 
3.8 3.6 3.2 
≥1 medical risk conditions 
 
29.6 28.1 
 
25.7 26.1 26.2 
Gestational age (weeks) Early term (37-38) 23.0 28.4 
 
23.4 28.1 23.9  
Full term (39-40) 67.9 65.1 
 
72.0 66.0 67.3  
Late term (41) 9.2 6.6 
 
4.6 6.0 8.9 
Induced labor 
 
45.6 39.0 
 
40.7 40.1 36.1 
Hospital geographic 
location 
North Florida  23.9 21.5 
 
1.8 6.2 9.2 
Central Florida  54.4 35.9 
 
16.7 71.3 59.5 
South Florida 18.1 31.6 
 
18.8 15.2 23.7 
Miami-Dade County 3.6 11.0 
 
62.7 7.3 7.7 
Race/income ICE 
(Quartiles) 
Bottom (-.72 - .01) 15.9 65.8 
 
22.0 32.8 33.7 
Second (.01 - .10) 26.4 16.1 
 
32.0 32.2 32.1 
Third (.10 - .22) 31.2 12.3 
 
25.3 22.8 24.3 
Top (.22 - 1.0) 26.5 5.9 
 
20.7 12.2 10.0 
BMI, body mass index; ICE, maternal neighborhood index of concentration at the extremes of affluence/poverty (if ICE=1, 
100% of population in neighborhood is in the most privileged bracket of race and income) 
*Diabetes, hypertension, eclampsia, oligohydramnios, polyhydramnios, placental abruption, , placenta previa, 
chorioamnionitis, maternal infection, and infant birth weight > 4000 g. 
  
48 
 
  
Node 0: Study 
Population
1: No
3: Spont.
8: NH W; M
20: Obese
21: ≤Normal; 
Unkn
22: Overwt
9: NH B; PR
23: ≥Overwt; 
Unk
24: ≤Normal
10: C
4: Induced
11: Obese 12: ≤Normal
25: N. FL
26: C. FL
27: S. FL; 
Miami
13: Overwt; 
Unk
28: NH W; 
Mex
29: NH B; C; 
PR
2: Yes
5: Obese
14: NH W
15: NH B; C; 
PR; M
6: ≤Normal
16: ≥30 Yrs 17: ≤29 Yrs
30: NH W; 
M
31: NH B; C; 
PR
7: Overwt; 
Unk
18: Spont. 19: Induced
Figure 3.1. Classification tree for cesarean risk in the overall study population (N=145117). Florida 2012-2014 
≥1 Medical risk conditions 
Labor onset 
BMI Labor 
BMI 
Race/eth Age 
Race/eth 
Race/eth 
BMI BMI  Hospital location Race/eth 
Abbreviations. C, Cuban; C. FL, Central FL; NH B, non-Hispanic black; N. FL, North Florida; NH W, non-Hispanic white; Overwt, overweight; PR, Puerto Rican; S. FL, South Florida (Miami-
Dade County removed); Spont., spontaneous; Unk, unknown; Yrs, Years. 
Note. Classification tree table with detailed numerical data provided in the appendix (Table B2) 
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Node 0: NH White
1: No
3: Spontaneous
8: ≥35 Years
9: 30-34 Years
10: 20-29 Years
11: <20 Years
4: Induced
12: Obese
13: ≤Normal; Unknown
14: Overweight
2: Yes
5: Obese 6: ≤Normal
15: ≥30 Years 16: ≤29 Years
7: Overweight; 
Unknown
17: ≥30 Years 18: ≤29 Years
Figure 3.2. Classification tree for cesarean risk among non-Hispanic white mothers in the study population. Florida 2012-2014 
≥1 Medical risk conditions 
Labor onset BMI 
Age BMI Age Age 
Abbreviations. NH, non-Hispanic;  
Note. Classification tree table with detailed numerical data provided in the appendix (Table B4) 
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Node 0: NH Black
1: Spontaneous
3: No
9: Overweight; 
Unknown
10: Normal
11: Obese
12: Underweight
4: Yes
13: Overweight; 
Unknown
14: ≤Normal
15: Obese
2: Induced
5: Overweight; 
Unknown
16: No
17: Yes
6: ≤Normal; 
Underweight
18: No
19: Yes
7: Obese I-II
20: No
21: Yes
8: Obese III 
Figure 3.3. Classification tree for cesarean risk among non-Hispanic black mothers in the study population. Florida 2012-2014 
Labor onset 
≥1 Medical risk conditions 
BMI BMI 
BMI 
≥1 Medical risk conditions ≥1 Medical risk conditions ≥1 Medical risk conditions 
Abbreviations. NH, non-Hispanic;  
Note. Classification tree table with detailed numerical data provided in the appendix (Table B5) 
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Node 0: Cuban
1: Yes
3: N. FL; C. FL; 
S. Fl
7: ≥Overweight; 
Unknown
8: ≤Normal
4: Miami
9: ≥Some college
10: ≤ High school
2: No
5: Spontaneous
11: 30-34 Years 12: 20-29 Years 13: ≥35 Years 14: <20 Years
6: Induced
15: N. FL; C. FL; 
S. FL
16: Miami
Figure 3.4. Classification tree for cesarean risk among Cuban mothers in the study population. Florida 2012-2014 
≥1 Medical risk conditions 
Hospital geographic location BMI 
Labor onset 
Hospital geographic location 
Education level Age 
Abbreviations. C. FL, Central FL; N. FL, North Florida; S. FL, South Florida (Miami-Dade County removed) 
Note. Classification tree table with detailed numerical data provided in the appendix (Table B6) 
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Node 0: Puerto Rican
1: Induced
3: Obese
8: No
9: Yes
4: ≤Normal
10: No
11: Yes
5: Overweight; Unknown
12: No
13: Yes 
2: Spontaneous
6: No
14: Not married
15: Married
7: Yes
16: ≥ Overweight; Unknown
17: ≤Normal
Labor onset 
BMI 
≥1 Medical risk conditions 
≥1 Medical risk conditions 
Marital status 
Figure 3.5. Classification tree for cesarean risk among Puerto Rican mothers in the study population. Florida 2012-2014 
≥1 Medical risk conditions ≥1 Medical risk conditions BMI 
Note. Classification tree table with detailed numerical data provided in the appendix (Table B7) 
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Node 0: Mexican
1: No
3: Spontaneous
8: <20 Years
9: 20-29 Years
10: ≥30 Years
4: Induced
11: Overweight
12: ≤Normal
13: Obese; Unknown
2: Yes
5: Overweight; Unknown
14: Not married
15: Married
6: ≤Normal
16: ≥Full term
17: Early term
7: Obese
Figure 3.6. Classification tree for cesarean risk among  
Mexican mothers in the study population. Florida 2012-2014 
≥1 Medical risk conditions 
Labor onset 
Age BMI 
BMI 
Marital status Gestational age 
Note. Classification tree table with detailed numerical data provided in the appendix (Table B8) 
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CHAPTER FOUR 
CONCLUSIONS AND RECOMMENDATIONS 
Key Findings and Implications 
     The overall objective of this investigation was to help inform efforts to reduce disparities in 
low-risk cesarean deliveries by exploring drivers of racial and ethnic differences in rates for the 
procedure. Our central hypothesis was that there are racial and ethnic differences in risk factors 
for cesarean that may represent opportunities for improvement in disparities. In order to test this 
central hypothesis, we examined factors that modify the association between race, ethnicity, and 
cesarean deliveries among first-time mothers considered to be low-risk for cesarean (known as 
nulliparous, singleton, term, vertex, or NTSV); using Florida’s linked birth certificate and 
inpatient maternal hospital discharge records. Several findings were notable. First, we found that 
among non-Hispanics, labor induction and older gestational age (full or late term) interacted 
positively to increase the black–white disparity when these factors were present.  No significant 
racial disparity occurred among early term spontaneous deliveries.  These findings suggest that 
increased gestational age and induction contribute substantially to the racial disparity in NTSV 
cesarean. Second, we found that the disparity between Cubans and non-Hispanic whites persisted 
across subgroups of presence/absence of medical risk conditions and labor induction, but was 
greatest in the subgroups without medical risk conditions and labor induction. This finding 
suggests that there are potential differences in cultural preference (mother and/or provider), 
patient-provider communication, or shared decision making that may contribute to the disparity 
between Cubans and non-Hispanic whites. Finally, we identified the characteristics of distinct 
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population subgroups with high and low rates of cesarean delivery among the different racial and 
ethnic groups in the study population. Racial and ethnic differences in these risk factor 
combinations suggests that there may be potential opportunities for tailoring maternal prevention 
efforts with the ultimate goal of reducing some of the disparities in Florida.  
Significance of the Dissertation Research 
     As is discussed in the Background and Literature Review subsection (Chapter One), cesarean 
deliveries can be life-saving to the mother and baby when there is a medical indication.61 
However, the large increase in cesarean utilization with little documented improvement in 
maternal and infant outcomes led to concern that current cesarean rates may have more risks than 
benefits.2,10 Cesarean deliveries are associated with higher risk of maternal and infant morbidity, 
as well as greater economic costs than vaginal deliveries.10 In addition, it is well-known that 
some minority groups, especially non-Hispanic blacks, experience greater rates of adverse 
obstetric outcomes, many of which are associated with cesarean delivery.41 Primary cesareans 
represent the best opportunity to reduce overall cesarean rates, and NTSV deliveries represent 
the segment of the population that is most likely to yield a safe reduction in primary cesarean 
rates.7,10 Therefore, addressing racial and ethnic disparities in NTSV cesarean delivery may have 
important implications for safety and cost savings in maternity care. However, despite a growing 
number of studies reporting disparities in NTSV cesareans, the reasons why they exist continue 
to be the subject of investigation.11,12,45,46 Particularly missing from the literature, are studies that 
quantify the extent to which there are interactions between, race, ethnicity and risk factors for 
cesarean, and whether or not these interactions contribute to disparities. This is especially true 
for the NTSV population. This research contributes to help fill this knowledge gap by identifying 
and describing the nature of risk factor interactions with race and ethnicity on the risk of NTSV 
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cesarean, examining the contribution of these interactions to disparities, and identifying 
characteristics of specific population segments that may represent opportunities safe cesarean 
prevention and reduction of disparities. 
Recommendations for Future Research 
     This investigation had limited information on maternal cultural factors and provider factors 
that may be relevant to racial and ethnic disparities in NTSV cesareans.90,91,93,109  As our findings 
suggest, both racial and ethnic disparities did not seem to be explained by medical, social and 
hospital factors included in this investigation. This provides potential directions for future 
research. For example, there may be a need to examine potential maternal cultural and physician 
practice differences in factors leading to a decision to induce labor at full and late term, in order 
to understand why these factors contributed substantially to the disparity between blacks and 
whites among non-Hispanics. Similarly, there may be a need to explore differences in maternal 
beliefs, preferences, and expectations in order to identify the factors that contribute to the 
apparently persistent disparity between Cubans and non-Hispanic whites. The extent and nature 
of patient-provider communication may also be a key component in both racial and ethnic 
disparities in NTSV cesareans. These areas can be explored through qualitative research, such as 
focus group discussions with mothers and discussions with providers. Quantitative surveys 
specifically designed to collect information on the factors discussed above, and to make 
comparisons between maternal groups, may also be insightful. The characteristics of some of the 
high cesarean risk subgroups identified in this investigation, such as mothers who deliver in 
hospitals located in Miami-Dade, can be useful to guide the planning of this future research in 
Florida.  
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Conclusion 
     Overall, our findings on significant effect modifiers of the association between race, 
ethnicity and NTSV cesarean, and racial and ethnic differences in cesarean risk subgroups in the 
population, suggest that there are opportunities to reduce disparities in rates for the procedure in 
Florida. Disparities by race seem to be related to disparities in health care, whereas disparities by 
ethnicity suggest potential unmeasured cultural factors. Both appear to be preventable based on 
the fact that they were not driven by medical factors included in this investigation. 
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APPENDIX A 
 
SUPPLEMENTAL TABLES FOR MANUSCRIPT 1 
 
Table A1. List of primary variables for the study of risk factor influences on racial and ethnic differences in cesarean delivery. 
Variable Role Initial levels for analysis* 
Source 
BC HD CB 
Mode of delivery Outcome Vaginal, cesarean x x  
Ethnicity Exposure NH white, NH black, Mexican, Cuban, Puerto Rican, Other H, Haitian, Other NH x   
Age Covariate <20, 20-24, 25-29, 30-34, 35-39, ≥40 x   
Individual socioeconomic factors 
Education Covariate Lt high school, high school grad., some college, college grad. x   
Nativity Covariate Florida, other US state, foreign-born x   
Marital status Covariate Married, not married x   
Father's acknowledgement Covariate Yes, no x   
Insurance status Covariate Medicaid, private, self-pay, other  x  
Medical factors 
Pre-pregnancy BMI (kg/m2) Covariate Underweight (<18.5), Normal (18.5-24.9), Overweight (25-29.9), Obese (30+) x   
≥1 medical-risk conditions** Covariate Yes, no x x  
Health service factors 
Gestational age at delivery (weeks) Covariate 37,38,39,40 x x  
Type of delivery initiation Covariate Induced labor, spontaneous labor x x  
Hospital Factors 
Annual birth volume Covariate Quartiles x x  
Level of neonatal care Covariate Level I, Level II, Level III Licensure (AHCA) 
Obstetric residency program Covariate Yes, no    
Annual % NH black births Covariate Quartiles x x  
Annual % Hispanic births Covariate Quartiles x x  
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Annual % Medicaid births Covariate Quartiles x x  
Annual % CNM births Covariate Quartiles x x  
Annual % NMI early deliveries (induction, CS without labor) Covariate Quartiles x x  
Urbanicity Covariate Large central metro, large fringe metro, medium metro, small/micro/nonmetro x   
Geographic location Covariate North FL (ACOG 1-2), Central FL (ACOG 3-4), South FL (ACOG 5-6), Miami-Dade x   
Maternal neighborhood socioeconomic factor 
Maternal neighborhood race/income ICE*** Covariate Quartiles x  x 
Abbreviations: BC, birth certificate; H, Hispanic; HD, hospital discharge; CB, US Census Bureau; AHCA, Agency for Health Care Administration, NH, non-Hispanic; BMI, body mass index; GINDEX, 
graduated prenatal care utilization index; CNM, certified nurse midwife; NMI, non-medically indicated; ACOG, American Congress of Obstetricians & Gynecologists; ICE, index of concentration at the 
extremes 
*All variables will be used as categorical; 
**Diabetes, hypertension, eclampsia, oligohydramnios, placental abruption, chorioamnionitis, or infant birth weight >4,000 g 
***Census tract key; 2009-2013 American Community Survey 5-Year Estimates: Selected Economic and Selected Social Characteristics 
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Table A2. Prevalence (%) of indications for cesarean delivery in the study population. Florida, 2012-2014 
   Cesarean births, % 
  Live births, n Vaginal births, % Overall NH White NH Black Cuban Puerto Rican  Mexican 
Total 145117 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Abnormal forces of labor 22423 2.8 51.7 53.6 49.8 44.2 54.1 57.6 
Fetal distress 8246 0.8 19.6 15.6 16.0 45.7 19.0 16.3 
Cephalopelvic disproportion 3362 0.1 8.7 8.5 7.3 11.6 7.5 13.0 
Failed induction 4153 0.0 11.0 10.7 12.0 11.6 9.4 9.8 
Prolonged labor 4458 2.4 4.9 5.6 4.6 2.3 5.6 4.7 
At least 1 indicationa 33787 5.8 73.1 72.5 70.0 80.4 73.6 77.0 
Abbreviations. NH, non-Hispanic. 
a Births with ≥1 of the 5 indications shown 
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Table A3. Estimates of adjusted risk ratio of cesarean delivery for race and ethnicity in the study population,  
from log linear ("modified Poisson") and logistic regression. Florida 2012-2014. 
  
Log linear  
("modified Poisson")a   Logistic
b 
    Risk Ratio (95% CI)   Odds Ratio (95% CI) Prevalence, CS 
Corrected Risk Ratio 
(95% CI) 
Race/ethnicity NH White    
0.24 
 
 NH Black 1.18 (1.15,1.22)  1.29 (1.24,1.34) 0.27 1.21 (1.17,1.24) 
 Cuban 1.28 (1.22,1.34)  1.48 (1.39,1.57) 
0.39 1.33 (1.27,1.38) 
 Puerto Rican 1.15 (1.11,1.21)  1.25 (1.19,1.32) 
0.26 1.18 (1.14,1.23) 
  Mexican 1.08 (1.02,1.14)   1.12 (1.05,1.20) 0.23 1.09 (1.04,1.15) 
Notes. Both models had the following covariates: maternal age, education, health insurance, BMI, gestational age, induced labor, delivery time 
(Note: this covariate not included in models described in main text Tables 2.4), hospital geographic location, maternal neighborhood race/income 
index of concentration at the extremes, and year of birth. 
Both models had random hospital intercepts. 
a Extension of the modified Poisson method proposed by Zou (American journal of epidemiology, 2004). Note: the method proposed by Zou uses 
generalized estimating equations instead of random intercepts. 
b Risk ratios estimated by (1) obtaining odds ratios from the logistic random intercept model, and then (2) correcting the odds ratio using the 
method proposed by Zhang and Yu (JAMA, 1998) 
 
 
  
69 
 
Table A4. Regression coefficients estimates and P-values for main effects and interaction models for the association b/n race/ethnicity and cesarean delivery. 
Florida, 2012-2014. (n=145117) 
 Overall Study Population  NH black, NH white  Cuban, NH white 
 Model 4 Model 5  Model 6A Model 7A Model 8A  Model 6B Model 7B Model 8B 
Variable Estimate Pr > |t| Estimate Pr > |t|   Estimate Pr > |t| Estimate Pr > |t| Estimate Pr > |t|   Estimate Pr > |t| Estimate Pr > |t| Estimate Pr > |t| 
NHBlack 0.16 <.0001 0.03 0.31  0.04 0.27 0.04 0.23 0.04 0.35              
Cuban 0.24 <.0001 0.39 <.0001               0.37 <.0001 0.39 <.0001 0.40 <.0001 
PuertoRican 0.14 <.0001 0.11 0.04                           
Mexican 0.07 0.01 -0.08 0.26                           
Highriskc 0.46 <.0001 0.47 <.0001  0.47 <.0001 0.46 <.0001 0.46 <.0001  0.47 <.0001 0.71 <.0001 0.72 <.0001 
Fullterm 0.21 <.0001 0.17 <.0001  0.17 <.0001 0.21 <.0001 0.21 <.0001  0.17 <.0001 0.15 <.0001 0.15 <.0001 
Lateterm 0.47 <.0001 0.41 <.0001  0.42 <.0001 0.51 <.0001 0.48 <.0001  0.41 <.0001 0.37 <.0001 0.37 <.0001 
Induction 0.42 <.0001 0.43 <.0001  0.43 <.0001 0.48 <.0001 0.48 <.0001  0.43 <.0001 0.59 <.0001 0.59 <.0001 
NHBlack*Highrisk  0.01 0.74                           
Cuban*Highrisk  -0.11 0.00               -0.11 0.00 -0.15 <.0001 -0.19 0.00 
PuertoRican*Highrisk  -0.03 0.45                           
Mexican*Highrisk  0.10 0.07                           
NHBlack*Fullterm  0.11 0.00  0.11 0.00 0.10 0.00 0.09 0.04              
NHBlack*Lateterm  0.18 0.00  0.17 0.00 0.17 0.00 0.28 0.00              
Cuban*Fullterm  -0.02 0.62                           
Cuban*Lateterm  -0.12 0.14                           
PuertoRican*Fullterm  0.07 0.18                           
PuertoRican*Lateterm 0.14 0.08                           
Mexican*Fullterm  0.13 0.06                           
Mexican*Lateterm  0.23 0.02                           
NHBlack*Induction  0.06 0.03  0.06 0.02 0.06 0.03 0.06 0.28              
Cuban*Induction  -0.15 <.0001               -0.16 <.0001 -0.18 <.0001 -0.20 <.0001 
PuertoRican*Induction -0.02 0.67                           
Mexican*Induction  -0.01 0.80                           
Fullterm*Induction         -0.06 0.05 -0.07 0.08              
Lateterm*Induction         -0.14 0.00 -0.10 0.09              
NHBlack*Fullterm*Induction            0.02 0.78              
NHBlack*Lateterm*Induction            -0.14 0.17              
Highrisk*Induction                      -0.38 <.0001 -0.39 <.0001 
Cuban*Highrisk*Induction                             0.07 0.35 
Abbreviations. NH, non-Hispanic;  
Notes. All models: Modified Poisson regression w/ random intercepts 
All models included the following covariates: Individual factors (maternal age, education, marital status, health insurance, prepregnancy BMI), hospital geographic location, neighborhood index of 
concentration at the extremes, and year of birth.  
Model 4, main effects model, overall study population; Model 5, final model w/ significant race/ethnicity-risk factor interactions, overall study population;  Models 6A, 7A, 8A, race-risk factor 
interactions among non-Hispanic black and white mothers only; Models 6B, 7B, 8B, ethnicity-risk factor interactions among Cubans and non-Hispanic white mothers only. 
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c Presence of ≥ of the following medical risk conditions for delivery: Diabetes, hypertension, eclampsia, oligohydramnios, polyhydramnios, placental abruption, , placenta previa, chorioamnionitis, 
maternal infection, and infant birth weight > 4000 g 
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APPENDIX B 
 
SUPPLEMENTAL TABLES FOR MANUSCRIPT 2 
 
Table B1. List of primary variables for the study of racial and ethnic specific targets for improvement in cesarean delivery 
Variable Role Initial levels for analysis* Source 
BC HD CB 
Mode of delivery Outcome Vaginal, cesarean x x 
 
Race and ethnicity Exposure NH white, NH black, Mexican, Cuban, Puerto Rican, H Central/South American, Other H, Haitian, 
Other  
x 
  
Age Covariate <20, 20-24, 25-29, 30-34, 35-39, ≥40 x 
  
Individual socioeconomic factors 
Education Covariate Lt high school, high school grad., some college, college grad. x 
  
Marital status Covariate Married, not married x 
  
Insurance status Covariate Medicaid, private, self-pay, other 
 
x 
 
Medical factors 
Pre-pregnancy BMI (kg/m2) Covariate Underweight (<18.5), Normal (18.5-24.9), Overweight (25-29.9), Obese (30+) x 
  
≥1 risk conditions** Covariate Yes, no x x 
 
Health service factors 
Gestational age at delivery (weeks) Covariate 37,38,39,40 x x 
 
Type of delivery initiation Covariate Induced labor, spontaneous labor, x x 
 
Geographic location Covariate North FL (ACOG 1-2), Central FL (ACOG 3-4), South FL (ACOG 5-6), Miami-Dade x 
  
Maternal neighborhood Index of concentration at the 
extremes*** 
Covariate Quartiles x 
 
x 
Abbreviations: BC, birth certificate; H, Hispanic; HD, hospital discharge; CB, US Census Bureau; AHCA, Agency for Health Care Administration, NH, non-Hispanic; BMI, body mass index; GINDEX, 
graduated prenatal care utilization index; CNM, certified nurse midwife; NMI, non-medically indicated; ACOG, American Congress of Obstetricians & Gynecologists 
*All variables will be used as categorical; 
**Diabetes, hypertension, eclampsia, oligohydramnios, placental abruption, chorioamnionitis, or infant birth weight >4,000 g 
***Census tract key; 2009-2013 American Community Survey 5-Year Estimates: Selected Economic and Selected Social Characteristics 
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Table B2. Classification tree table for cesarean risk in the overall study population. Florida 2012-2014 (Data for Figure 3.1) 
 Cesarean  Total       
Node N Rate   N Percent Parent Node Risk Factor Split Values Sig.a Chi-Square df 
0 37616 25.9%  145117 100.0%       
1 21548 20.8%  103707 71.5% 0 ≥1 Medical risk conditions No 0.00 5006.92 1 
2 16068 38.8%  41410 28.5% 0 ≥1 Medical risk conditions Yes 0.00 5006.92 1 
3 10273 15.4%  66548 45.9% 1 Labor onset Spontaneous 0.00 3218.431 1 
4 11275 30.3%  37159 25.6% 1 Labor onset Induced 0.00 3218.431 1 
5 5353 48.8%  10961 7.6% 2 BMI Obese I-II; Obese III 0.00 856.514 2 
6 5713 31.7%  18014 12.4% 2 BMI Underweight; Normal 0.00 856.514 2 
7 5002 40.2%  12435 8.6% 2 BMI Overweight; Unknown 0.00 856.514 2 
8 5405 13.6%  39665 27.3% 3 Race/Ethnicity NH White; Mexican 0.00 770.349 2 
9 3314 15.5%  21332 14.7% 3 Race/Ethnicity Puerto Rican; NH Black 0.00 770.349 2 
10 1554 28.0%  5551 3.8% 3 Race/Ethnicity Cuban 0.00 770.349 2 
11 2681 43.1%  6223 4.3% 4 BMI Obese I-II; Obese III 0.00 791.366 2 
12 5242 25.1%  20880 14.4% 4 BMI Underweight; Normal 0.00 791.366 2 
13 3352 33.3%  10056 6.9% 4 BMI Overweight; Unknown 0.00 791.366 2 
14 2787 45.8%  6081 4.2% 5 Race/Ethnicity NH White 0.00 49.378 1 
15 2566 52.6%  4880 3.4% 5 Race/Ethnicity Puerto Rican; NH Black; Cuban; Mexican 0.00 49.378 1 
16 1934 39.8%  4860 3.3% 6 Age 35+ Yrs; 30-34 Yrs 0.00 200.645 1 
17 3779 28.7%  13154 9.1% 6 Age 20-29 Yrs; <20 Yrs 0.00 200.645 1 
18 1738 35.3%  4927 3.4% 7 Labor onset Spontaneous 0.00 83.162 1 
19 3264 43.5%  7508 5.2% 7 Labor onset Induced 0.00 83.162 1 
20 938 22.1%  4252 2.9% 8 BMI Obese I-II; Obese III 0.00 367.221 2 
21 3279 11.8%  27863 19.2% 8 BMI Underweight; Normal; Unknown 0.00 367.221 2 
22 1188 15.7%  7550 5.2% 8 BMI Overweight 0.00 367.221 2 
23 1880 19.3%  9759 6.7% 9 BMI Obese I-II; Overweight; Obese III; Unknown 0.00 190.617 1 
24 1434 12.4%  11573 8.0% 9 BMI Underweight; Normal 0.00 190.617 1 
25 733 19.4%  3787 2.6% 12 Hosp. Geo Location North FL 0.00 185.9 2 
26 2399 23.6%  10173 7.0% 12 Hosp. Geo Location Central FL 0.00 185.9 2 
27 2110 30.5%  6920 4.8% 12 Hosp. Geo Location South FL; Miami-Dade 0.00 185.9 2 
28 1841 30.3%  6077 4.2% 13 Race/Ethnicity NH White; Mexican 0.00 63.819 1 
29 1511 38.0%  3979 2.7% 13 Race/Ethnicity Puerto Rican; NH Black; Cuban 0.00 63.819 1 
30 2173 25.7%  8457 5.8% 17 Race/Ethnicity NH White; Mexican 0.00 106.491 1 
31 1606 34.2%   4697 3.2% 17 Race/Ethnicity Puerto Rican; NH Black; Cuban 0.00 106.491 1 
a Bonferroni adjusted; Minimum node size (n) criteria: parent, 7256; child, 3628; Classification method: exhaustive Chi Square Automatic Interaction Detection (CHAID)  
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Table B3. Classification tree table for cesarean risk among non-Hispanic whites in the study population. Florida 2012-2014 (Data for Figure 3.2) 
 Cesarean  Total       
Node N Rate   N Percent Parent Node Risk Factor Split Values Sig.a Chi-Square df 
0 19905 23.8%  83604 100.0%       
1 11069 18.8%  58862 70.4% 0 ≥1 Medical risk conditions No 0 2745.134 1 
2 8836 35.7%  24742 29.6% 0 ≥1 Medical risk conditions Yes 0 2745.134 1 
3 4962 13.7%  36281 43.4% 1 Labor onset Spontaneous 0 1629.055 1 
4 6107 27.0%  22581 27.0% 1 Labor onset Induced 0 1629.055 1 
5 2787 45.8%  6081 7.3% 2 BMI Obese I-II; Obese III 0 472.599 2 
6 3395 29.5%  11517 13.8% 2 BMI Underweight; Normal 0 472.599 2 
7 2654 37.2%  7144 8.5% 2 BMI Overweight; Unknown 0 472.599 2 
8 609 22.8%  2670 3.2% 3 Age 35+ Yrs 0 362.926 3 
9 1300 16.6%  7848 9.4% 3 Age 30-34 Yrs 0 362.926 3 
10 2690 12.5%  21529 25.8% 3 Age 20-29 Yrs 0 362.926 3 
11 363 8.6%  4234 5.1% 3 Age <20 Yrs 0 362.926 3 
12 1360 40.6%  3351 4.0% 4 BMI Obese I-II; Obese III 0 492.044 2 
13 3253 22.6%  14395 17.2% 4 BMI Underweight; Normal; Unknown 0 492.044 2 
14 1494 30.9%  4835 5.8% 4 BMI Overweight 0 492.044 2 
15 1382 37.6%  3676 4.4% 6 Age 35+ Yrs; 30-34 Yrs 0 171.126 1 
16 2013 25.7%  7841 9.4% 6 Age 20-29 Yrs; <20 Yrs 0 171.126 1 
17 1073 45.4%  2363 2.8% 7 Age 35+ Yrs; 30-34 Yrs 0 103.135 1 
18 1581 33.1%   4781 5.7% 7 Age 20-29 Yrs; <20 Yrs 0 103.135 1 
a Bonferroni adjusted; Minimum node size (n) criteria: parent, 4182; child, 2091; Classification method: exhaustive Chi Square Automatic Interaction Detection (CHAID)  
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Table B4. Classification tree table for cesarean risk among non-Hispanic blacks in the study population. Florida 2012-2014 (Data for Figure 3.3) 
 Cesarean  Total       
Node N Rate   N Percent Parent Node Risk Factor Split Values Sig.a Chi-Square df 
0 9053 27.1%  33392 100.0%       
1 3835 18.8%  20369 61.0% 0 Labor onset Spontaneous 0 1813.571 1 
2 5218 40.1%  13023 39.0% 0 Labor onset Induced 0 1813.571 1 
3 2528 15.3%  16479 49.4% 1 ≥1 Medical risk conditions No 0 686.475 1 
4 1307 33.6%  3890 11.6% 1 ≥1 Medical risk conditions Yes 0 686.475 1 
5 1679 41.2%  4071 12.2% 2 BMI Overweight; Unknown 0 457.288 3 
6 1548 30.3%  5111 15.3% 2 BMI Normal; Underweight 0 457.288 3 
7 1452 49.4%  2937 8.8% 2 BMI Obese I-II 0 457.288 3 
8 539 59.6%  904 2.7% 2 BMI Obese III 0 457.288 3 
9 854 16.7%  5126 15.4% 3 BMI Overweight; Unknown 0 259.054 3 
10 930 12.1%  7660 22.9% 3 BMI Normal 0 259.054 3 
11 652 24.2%  2694 8.1% 3 BMI Obese I-II; Obese III 0 259.054 3 
12 92 9.2%  999 3.0% 3 BMI Underweight 0 259.054 3 
13 450 34.2%  1316 3.9% 4 BMI Overweight; Unknown 0 66.24 2 
14 417 27.1%  1539 4.6% 4 BMI Normal; Underweight 0 66.24 2 
15 440 42.5%  1035 3.1% 4 BMI Obese I-II; Obese III 0 66.24 2 
16 846 36.3%  2331 7.0% 5 ≥1 Medical risk conditions No 0 55.132 1 
17 833 47.9%  1740 5.2% 5 ≥1 Medical risk conditions Yes 0 55.132 1 
18 904 26.6%  3398 10.2% 6 ≥1 Medical risk conditions No 0 65.159 1 
19 644 37.6%  1713 5.1% 6 ≥1 Medical risk conditions Yes 0 65.159 1 
20 654 44.1%  1482 4.4% 7 ≥1 Medical risk conditions No 0 33.727 1 
21 798 54.8%   1455 4.4% 7 ≥1 Medical risk conditions Yes 0 33.727 1 
a Bonferroni adjusted; Minimum node size (n) criteria: parent, 1670; child, 835; Classification method: exhaustive Chi Square Automatic Interaction Detection (CHAID)  
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Table B5. Classification tree table for cesarean risk among Cubans in the study population. Florida 2012-2014 (Data for Figure 3.4) 
 Cesarean  Total       
Node N Rate   N Percent Parent Node Risk Factor Split Values Sig.a Chi-Square df 
0 4540 38.8%  11703 100.0%       
1 1602 53.3%  3007 25.7% 0 ≥1 Medical risk conditions Yes 0 357.458 1 
2 2938 33.8%  8696 74.3% 0 ≥1 Medical risk conditions No 0 357.458 1 
3 518 44.3%  1170 10.0% 1 Hosp. Geo Location North FL; Central FL; South FL 0 62.35 1 
4 1084 59.0%  1837 15.7% 1 Hosp. Geo Location Miami-Dade 0 62.35 1 
5 1554 28.0%  5551 47.4% 2 Labor onset Spontaneous 0 230.063 1 
6 1384 44.0%  3145 26.9% 2 Labor onset Induced 0 230.063 1 
7 326 49.9%  653 5.6% 3 BMI Obese I-II; Overweight; Unknown; Obese III 0 19.12 1 
8 192 37.1%  517 4.4% 3 BMI Normal; Underweight 0 19.12 1 
9 561 55.3%  1014 8.7% 4 Education Level Some college; College degree 0.001 12.698 1 
10 523 63.5%  823 7.0% 4 Education Level High School or less 0.001 12.698 1 
11 304 32.2%  943 8.1% 5 Age 30-34 Yrs 0 99.989 3 
12 951 26.0%  3652 31.2% 5 Age 20-29 Yrs 0 99.989 3 
13 199 45.3%  439 3.8% 5 Age 35+ Yrs 0 99.989 3 
14 100 19.3%  517 4.4% 5 Age <20 Yrs 0 99.989 3 
15 452 35.5%  1272 10.9% 6 Hosp. Geo Location North FL; Central FL; South FL 0 62.211 1 
16 932 49.8%   1873 16.0% 6 Hosp. Geo Location Miami-Dade 0 62.211 1 
a Bonferroni adjusted; Minimum node size (n) criteria: parent, 586; child, 293; Classification method: exhaustive Chi Square Automatic Interaction Detection (CHAID)  
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Table B6. Classification tree table for cesarean risk among Puerto Ricans in the study population. Florida 2012-2014 (Data for Figure 3.5) 
 Cesarean  Total       
Node N Rate   N Percent Parent Node Risk Factor Split Values Sig.a Chi-Square df 
0 2625 26.5%  9922 100.0%       
1 1460 36.7%  3976 40.1% 0 Labor onset Induced 0 359.232 1 
2 1165 19.6%  5946 59.9% 0 Labor onset Spontaneous 0 359.232 1 
3 460 47.7%  964 9.7% 1 BMI Obese I-II; Obese III 0 107.168 2 
4 537 28.8%  1865 18.8% 1 BMI Normal; Underweight 0 107.168 2 
5 463 40.4%  1147 11.6% 1 BMI Overweight; Unknown 0 107.168 2 
6 786 16.2%  4853 48.9% 2 ≥1 Medical risk conditions No 0 193.361 1 
7 379 34.7%  1093 11.0% 2 ≥1 Medical risk conditions Yes 0 193.361 1 
8 198 42.6%  465 4.7% 3 ≥1 Medical risk conditions No 0.002 9.503 1 
9 262 52.5%  499 5.0% 3 ≥1 Medical risk conditions Yes 0.002 9.503 1 
10 337 26.1%  1293 13.0% 4 ≥1 Medical risk conditions No 0 15.326 1 
11 200 35.0%  572 5.8% 4 ≥1 Medical risk conditions Yes 0 15.326 1 
12 263 36.4%  722 7.3% 5 ≥1 Medical risk conditions No 0 12.563 1 
13 200 47.1%  425 4.3% 5 ≥1 Medical risk conditions Yes 0 12.563 1 
14 475 14.0%  3401 34.3% 6 Married Not married 0 41.635 1 
15 311 21.4%  1452 14.6% 6 Married Married 0 41.635 1 
16 243 40.2%  604 6.1% 7 BMI Obese I-II; Overweight; Obese III; Unknown 0.001 18.402 1 
17 136 27.8%   489 4.9% 7 BMI Normal; Underweight 0.001 18.402 1 
a Bonferroni adjusted; Minimum node size (n) criteria: parent, 498; child, 249; Classification method: exhaustive Chi Square Automatic Interaction Detection (CHAID)  
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Table B7. Classification tree table for cesarean risk among Mexicans in the study population. Florida 2012-2014 (Data for Figure 3.6) 
 Cesarean  Total       
Node N Rate   N Percent Parent Node Risk Factor Split Values Sig.a Chi-Square df 
0 1493 23.0%  6496 100.0%       
1 850 17.7%  4793 73.8% 0 ≥1 Medical risk conditions No 0 284.592 1 
2 643 37.8%  1703 26.2% 0 ≥1 Medical risk conditions Yes 0 284.592 1 
3 443 13.1%  3384 52.1% 1 Labor onset Spontaneous 0 170.109 1 
4 407 28.9%  1409 21.7% 1 Labor onset Induced 0 170.109 1 
5 200 39.3%  509 7.8% 2 BMI Overweight; Unknown 0 58.6 2 
6 204 28.4%  718 11.1% 2 BMI Normal; Underweight 0 58.6 2 
7 239 50.2%  476 7.3% 2 BMI Obese III; Obese I-II 0 58.6 2 
8 99 8.5%  1171 18.0% 3 Age <20 Yrs 0 64.344 2 
9 258 13.8%  1865 28.7% 3 Age 20-29 Yrs 0 64.344 2 
10 86 24.7%  348 5.4% 3 Age 30-34 Yrs; 35+ Yrs 0 64.344 2 
11 107 30.3%  353 5.4% 4 BMI Overweight 0 41.2 2 
12 163 22.4%  727 11.2% 4 BMI Normal; Underweight 0 41.2 2 
13 137 41.6%  329 5.1% 4 BMI Obese III; Obese I-II; Unknown 0 41.2 2 
14 114 35.8%  318 4.9% 5 Married Not married 0.04 4.213 1 
15 86 45.0%  191 2.9% 5 Married Married 0.04 4.213 1 
16 164 31.2%  525 8.1% 6 Gest'l Age (wks) Full Term; Late Term 0.022 7.668 1 
17 40 20.7%   193 3.0% 6 Gest'l Age (wks) Early Term 0.022 7.668 1 
a Bonferroni adjusted; Minimum node size (n) criteria: parent, 326; child, 163; Classification method: exhaustive Chi Square Automatic Interaction Detection (CHAID)  
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